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BT  DATID  STARB  lOStDAH 

[Dnid  StafT  JofiUn,  PrMident  of  Inland  Stanford,  Jr.,  TTnivL-iaity  «iiico  IKSI. 
b.  Jknuary  1ft,  1851,  GwiiMvillc,  WvfMning  County,  New  York,  M.S.  Comnll, 
18T2;  L1...D.  ibid.  1886;  Ph.D.  ButW  University,  18S0;  M.D.  Univtmily  of 
Indiaaa,  1S7&;  Poet-Gnduatu,  Harvard  Univeraity,  London,  I'aru).  Pn>f<.-«M)r 
of  Biology,  Butler  Univcmity.  1875-79;  Fnifeasor  of  Zoology,  Univeniily  vl 
lodiua,  187B-8ft;  Pa*Jiirni  uf  Itiiliai;&  Uniwraity,  IS.NVffl;  .^^wdjitc  of  the 
0.  8.  Fih  Commiaaion  sino-  1M7B;  Uend  of  Beting  St^a  ComuiKiiou,  1NW6-98; 
ftwidtntof  Calitoroia  Aeadciuy  of  Scienofcs:  Follaw  of  A.  O.  U.;  MmuIiit  «f 
AlMncan  Philosophical  Socioiy,  c-tc.  Author  of  many  boolu,  including  Fx»h^i  of 
yorthirH  and  Miadln  A  mrrira  ;  Srirnf^  Ski-tciui* ;  Maraud  ol  Iht  \  tTUirralet ; 
Gvidt  to  Sludg  ej  FUKer;  The  Innumerable  Company,  Cart  and  CuUurt  of  Men; 
ThM  Voiem  c}  Iht  Sdtolar,  etc.] 

It  falls  to  my  lot  to-day,  to  discuss  very  briefly,  in  accordance 
with  tbe  Programme  of  this  Congress,  some  of  the  common  features 
of  utilitarian  eeicncc,  with  a  word  as  to  present  and  future  lin«e 
of  iDveeti^tiun  or  instruction  in  some  of  tho5C  brunches  of  the 
applications  of  knowledge  which  have  been  aesigned  to  Uie  preacnt 
divwon. 

Applied  scieace  cannot  be  separated  from  pure  science;  for  pure 
science  may  develop  at  any  quarter  the  greatest  and  most  unexpected 
economic  valuci;  while  on  the  other  hand,  the  application  of  know- 
ledge muat  await  the  acquisition  of  knowledge  before  any  high 
achievement  can  be  reached.  For  these  reasons,  the  classification 
adopt«din  the  present  Congrefie,  or  any  other  classification  of  sciences 
into  utilitarian  science  and  other  forms  of  science,  must  be  incom- 
plete and  even  mieleading.  Whatever  is  true  is  likely  some  time 
to  prove  useful,  and  all  error  is  likely  to  prove  Bome  time  disastrous. 
From  the  point  of  view  of  the  development  of  the  human  mind,  all 
truth  is  alike  useful,  and  all  error  is  alike  mischievous. 

In  point  of  development,  pure  science  must  precede  utilitftrion 
Kience.  HiBlorically,  lliis  seems  to  be  not  true;  for  the  beginnings 
of  science  in  general,  as  alchemy,  astrology,  and  therapeutics,  seem 
to  have  their  origin  in  the  desire  for  the  practical  results  of  know- 
ledge. Men  wanted  to  acquire  gold,  to  save  life,  to  forecast  the 
ftittue,  not  for  knowledge's  sake,  but  for  the  immediate  results  of 
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success  in  tfaem  directions.  But  even  here  arcurate  knowI^dRe  must 
|Htcode  aay  euccesa  in  its  application,  aad  accvirticy  pf  knowledge 
U  aii  that  we  tncaD  by  pure  Bciecce.  Moreover,  as  Ihrougb  the  ugcs 
the  represeulalives  of  liie  phUoaciphies  of  the  day,  the  a  priori  ex- 
planatioas  of  the  universe,  were  bitterly  and  personaliy  hostile  to 
all  inductive  conclusions  htietid  on  lti«  study  of  base  matter,  men  of 
science  were  forced  to  cHsguiae  their  work  under  a  utilitarian  cloak. 
This  is  more  or  lees  true  even  to  this  day,  and  the  greatest  need  of 
utilitarian  science  is  stilt,  as  a  thousand  years  ago,  that  this  cloak 
should  be  thrown  off,  and  that  a  larger  and  stronger  body  of  vorkers 
in  pure  eciuncc  should  be  developed  to  give  the  advance  in  real 
knowledge  on  which  the  tbounaads  of  ingenious  and  noble  applico* 
tions  to  utilitarian  ouds  must  constautly  depend. 

It  IB  u  funduniontul  law  of  pnychology  that  thought  lenda  to  pass 
over  into  action.  Applied  science  is  knowledge  in  action.  It  ia  the 
flower  of  that  highest  philanthropy  of  the  ages  by  which  not  even 
thought  cxiista  (or  itself  alone,  but  mu»t  find  itti  end  in  tlie  enlarge- 
ment of  human  control  over  matter  and  force  or  the  amelioration  of 
the  conditions  of  human  life. 

The  development  of  all  scionce  has  been  a  constant  struggle,  a 
struggle  of  fact  against  philoeophy,  of  instant  impressions  agunst 
traditional  interpretations,  of  truth  agiUnut  "make-believe."  For 
men  are  prone  to  trust  u  theory  rather  tliun  a  fact;  a  fact  is  a  single 
point  of  contact;  a  theory  is  a  circle  made  of  an  infinite  number  of 
points,  none  of  them,  bowever,  it  may  be,  real  points  of  contact. 

The  history  of  the  progreas  of  science  is  written  in  human  psycho- 
logy rather  than  in  human  records.  It  is  the  struggle  of  the  few 
realities  or  prejtent  senFe-impre»tionia  against  the  multitude  of  past 
inipreseions,  suggestions,  and  explauatiouB.  I  have  elsewhere  said 
that  the  one  great  discovery  of  the  nineteenth  century  —  forestalled 
many  s^  before  —  was  that  of  the  reality  of  external  things.  Men 
have  learned  to  trust  a  present  fact  or  group  of  facts,  however  con- 
tradictory its  tcnchiogu,  as  opposed  to  tradition  and  philosophy. 
From  this  trust  in  the  reality  of  the  environment  of  matter  and  force, 
whatever  these  may  be,  the  great  fabric  of  modem  science  has  been 
built  up.  Science  is  human  esperieoce  of  contact  with  environment 
tested,  set  in  order,  and  expreitsed  in  terms  of  other  human  expe- 
rience. Utilitarian  science  is  that  part  of  all  this  knowledge  which 
we  can  use  in  our  lives,  in  our  business.  What  is  pure  science  to  one 
is  applied  science  to  another.  The  investigation  of  tho  laws  of  hered- 
ity may  \)c  strictly  academic  to  us  of  the  university,  but  they  are 
utilitarian  as  related  to  the  prcservatioD  of  the  nation  or  to  the 
breeding  of  pigs.  In  the  warfare  of  science  the  real  in  act  and  motive 
has  been  persistently  subntituted  for  the  unreal.  Men  haw  slowl)- 
learned  that  the  true  glory  of  life  lies  in  its  wise  conduct,  in  the 
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daily  act  of  love  and  belpfulneas,  oot  in  tbs  vagaries  fostered  by  the 
priest  or  in  the  spasms  <rf  madtnes  n-faich  are  the  culmination  of 
war.  To  live  here  and  now  as  a  man  should  live  constitutes  the 
ethics  of  soienoe,  and  this  ideal  has  been  in  constant  antitbeeia  to 
the  eihies  of  ecdesiaeticism,  of  asceticiani,  and  of  militarism. 

Tbe  physical  history  of  the  progress  of  eci^we  has  been  a  struggle 
of  thinkeTB,  obaen'ers,  and  experimenters  against  the  dominant 
forces  of  society.  It  has  been  a  contiauous  battle,  in  which  the 
weaker  side,  in  the  long  run,  is  winner,  having  the  streagth  of  tbe 
earth  behind.  It  baa  been  incidentally  a  oonfiict  of  earth-born 
knowledge  with  opinions  of  m^n  eanctioncd  by  religion;  of  present 
(act  witb  preCfltahlished  system,  visibly  u  warfare  between  inductive 
tfaoaght  and  dogmatic  theology. 

The  real  struggle,  as  already  indicated,  lice  deeper  than  this.  It 
is  tbe  effort  of  the  human  mind  to  relate  itself  to  realities  in  the 
midst  of  traditions  and  superstitioos,  to  resliite  that  nature  never 
contradicts  henwif,  is  always  complex,  but  never  myiiicrioiis.  As  a 
fiaal  result  all  post  systems  of  philosophy,  perhaps  all  possible  sys- 
tems, have  been  thrown  book  into  the  realm  of  literature,  of  poetry, 
no  longer  controlliiif;  the  life  of  action,  whicb  rests  on  fact. 

Thia  c(Hiflict  of  tendencies  in  the  indiNidual  has  become  a  con- 
flict among  individunis  as  each  is  governed  by  a  dominant  impulse. 
TIm  cause  of  tradition  becomes  that  of  theology;  — for  men  have 
always  claimed  a  religious  sanction  for  their  own  individual  bit  of 
cosmic  philosophy.  Just  as  each  man  in  his  secret  heart,  the  centre 
of  hU  own  universe,  feels  himself  in  some  d^i;ree  tbe  subject  of  the 
favor  of  the  mysterious  unseen  powers,  so  docs  society  in  oil  ages 
find  a  mystic  or  divine  warrant  for  its  own  attitude  towards  life  and 
action,  whatever  that  may  be. 

Hie  nervous  system  of  man,  inherited  from  that  of  the  lower 
animals,  may  be  regarded  as  primarily  a  means  of  making  locomo- 
tion safe.  The  reflex  action  of  the  nerve  centre  is  tbe  type  of  all 
mentaJ  processes.  The  eeosorium,  or  central  ganglion,  re<:ei\*es 
impnaBionB  from  the  external  world  representing,  in  a  way,  various 
phases  of  reality.  The  brain  bos  no  source  of  knowledge  other  than 
sensation.  All  human  knowledge  comes  through  human  experience. 
The  brain,  Bitting  in  darkness,  has  the  primary  function  of  con- 
verting sensory-  impressions  into  impulses  to  action.  To  this  end  the 
motor  nervee  carry  impulses  outward  to  the  muscles.  The  higher 
fimotion  of  nerve-action,  which  we  call  the  intellect,  as  distinguished 
from  simple  reflex  action  and  from  instinct,  is  the  choice  among 
dilTereet  responses  to  the  stimultis  of  external  realities.  As  con- 
ditions of  life  become  more  complex,  the  demands  of  external 
lealitiee  become  more  exacting.  It  is  the  function  of  the  intellect  to 
MDB&dsr  and  of  the  mind  to  choose.   The  development  of  the  mind 
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causes  and  permits  complexity  in  external  relations.  Safety  in  iife 
depends  on  chooHog  the  right  response  to  external  stimulus.  Wrong 
choice  leads  to  failure  or  to  death. 

From  the  demanda  of  natural  selection  results  the  intense  prac- 
ticality of  the  mental  processes.  Our  senses  tell  us  tho  truth  as  to 
external  nature,  in  so  far  as  such  phases  of  reality  b&vc  been  essen- 
tial to  the  life  of  our  ancestors.  To  a  degree,  they  must  have  seen 
"things  as  they  really  are,"  else  they  should  not  have  lived  to  con- 
tinue the  generation.  Our  own  individual  ancestors  through  all  the 
ages  have  been  creatures  of  adequate  accuracy  of  seiiaation  and  of 
adequate  power  of  thought.  Were  it  not  so  they  could  not  have 
coped  with  their  environment.  The  sensations  wliioh  their  brains 
translated  into  action  contained  enough  of  absolute  reality  to  make 
action  safe.  That  our  own  ordinary  sensations  and  our  own  induc- 
tions from  them  are  truthful  in  their  essentials,  is  pro\'ed  by  the 
fact  that  we  have  thus  far  eafcly  trusted  them.  Science  differs 
from  common  sense  mainly  in  the  perfection  of  its  tools.  That  the 
instruments  of  precision  used  in  science  give  us  further  phases  of 
reality  is  shown  by  the  fact  that  wc  can  trust  our  lives  to  them.  We 
find  it  safer  to  Ao  so  than  to  tnisit  our  unaided  senses. 

While  our  senses  tell  us  the  truth  as  to  familiar  things,  as  rocks 
and  trees,  foods  and  shelter,  friends  and  enemies,  they  do  not  tell 
us  the  whole  truth:  they  go  only  so  far  as  the  demands  of  ancestral 
environment  have  forced  them  to  go.  Chemica)  composition  our 
eensee  do  not  show.  Objects  too  small  to  handle  are  too  snuUI  to  be 
seen.  IJodies  too  distant  to  be  reached  are  never  correctly  appre- 
hended. Accuracy  of  sense  decreases  as  the  square  of  the  distance 
jacreascs.  Sun  and  stars,  clouds  and  sky,  arc  in  fact  very  different 
from  what  they  seem  to  the  senses. 

In  matters  not  vital  to  action,  exactness  of  knowledge  loses  its 
importance.  Any  kind  of  belief  may  be  safe,  if  it  is  not  to  be  carried 
over  into  action.  It  is  perfectly  safe,  in  the  ordinary  alTairs  of  life, 
for  one  who  does  not  propose  to  act  on  his  convictions  (o  believe  in 
witclice  and  lucky  etoues,  imps  and  elves,  astral  bodies  and  odic 
forces.  It  is  quite  as  conaiatent  with  ordinary  living  to  accept  these 
aa  objective  realities  as  it  is  to  have  the  vogue  faith  in  microt)es  and 
molcculea.  mahatmas  and  protoplasm,  protective  tariffs  and  mani* 
fest  destiny,  which  fonna  part  of  the  mental  out6t  of  the  average 
American  ciliaen  to-day.  Unless  these  conceptions  are  to  be  brought 
into  terms  of  personal  experience,  unless  in  some  degree  we  are  to 
trust  our  li\'0s  to  tbem,  unless  thoy  arc  to  bo  wrought  into  action, 
they  are  irrelevant  to  the  conduct  of  life.  As  they  are  tested  by 
action,  the  truth  is  separated  from  the  falsehood,  and  the  error 
involved  in  vague  or  silly  ideas  becomes  manifest.  As  one  comes 
to  handle  microbes,  they  become  as  real  as  bullets  or  oranges  and  as 
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SDBoqrtabte  of  being  niatupulated.    But  the  astral  body  covers  only 
igBonnoe  and  ghosts  vanish  before  the  electric  light. 

UeiDor>' -pictures  likewise  arise  to  produce  confusion  in  the  mind. 
The  record  of  past  realities  blends  readily  vith  the  pn-scnt.  Men  are 
gregArious  creatures  and  their  speech  gives  them  the  power  to  add  to 
their  own  individual  experiencea  the  coueepts  &ud  experiences  of 
others.  Suggestion  and  conventiotiality  play  u  large  part  io  tho 
mental  equipment  of  the  indiWdual  man. 

About  the  sense-impressions  formed  in  his  own  brain  each  man 
builds  up  ht»  own  xubj'Octtvc  universe.  Each  accir^tion  of  knowledge 
must  be  east  more  or  leaa  directly  in  tenn>4  of  previous  experience. 
By  processes  of  suggestion  and  conventionality  the  ideas  of  the 
individvial  become  assimilal-ed  to  tho«e  uf  the  multitude.  Thus 
myths  arise  to  accotmt  for  phenomena  not  clearly  within  the  ordln- 
$ij  experiences  of  life.  And  in  all  mythology  the  uhIcdowq  is 
ascribed  not  to  natural  foreee,  but  to  the  action  of  the  powers  that 
transcend  nature,  that  li«  outside  the  domain  of  the  familiar  and  the 
real. 

It  has  been  plain  to  man  in  all  ages  that  he  is  surrounded  by 
forces  stronger  than  himself,  invisible  and  intangible,  inscrutable  in 
their  real  nature,  but  terribly  potent  to  produce  results.  He  cannot 
easily  trace  cause  and  effect  in  dealing  with  theee  forces;  bence  it  ia 
natural  that  he  should  doubt  the  existence  of  relations  of  cause  and 
eCTect.  As  the  human  will  seems  capriciuuH  becuuHe  the  springs  of 
TolitiOQ  are  hidden  from  observation,  so  to  the  unknown  will  that 
limits  our  own  we  ascnbo  an  in&nitc  caprice.  All  races  of  men  capable 
of  abstract  thought  have  believed  in  the  existence  of  something 
outwle  tbenaselves  whose  power  is  without  human  limitations. 
ThtVUg^  the  ima^^natimi  of  poets  the  forc««  of  nature  become  pcr- 
■ODified.  The  extatenee  of  power  denmnd«  corresponding  will.  The 
power  is  infinitely  greater  than  ours;  the  sourcea  of  its  action  m- 
fcrutable:  hence  man  has  concei\-od  the  unknown  hrst  cause  as  an 
infinite  and  unconditioned  man.  Anthropomorphism  in  some  degree 
is  inevitable,  because  each  qibd  must  think  in  terms  of  his  own 
experience.  Into  his  own  personal  universe,  all  that  he  knows  must 
come. 

Recogniticm  of  the  hidden  but  gigantic  forces  in  nature  leads  mm 
to  fear  and  to  worship  them.  To  think  of  them  either  in  fear  or  tn 
warship  is  to  give  Ihem  human  forms. 

The  social  instincts  of  man  tend  to  crystallize  in  institutions  even 
his  common  hopes  and  fears.  An  institution  implies  a  division  of 
labor.  Henco,  in  each  age  and  in  each  race  men  have  been  set  apart 
as  representatives  of  these  hidden  forces  and  devoted  to  their  pro- 
[litiaikni.  These  men  are  commiafiinned  to  speak  in  the  name  of  each 
god  that  the  people  worship  or  each  demon  the  people  dread. 
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The  cxiBtcn«  of  each  cult  of  pricstB  ia  bound  up  in  the  perpetua- 
liODs  of  the  nij'slerics  and  traditions  iiasigncd  to  their  care.  These 
trudJtions  are  linked  with  other  traditions  uid  with  other  mystic  ex- 
planations of  uncomprchendcd  phcnomctiA,  While  huinfln  theories 
of  the  sun,  the  Ktars,  the  clouds,  of  eiirthquakus,  storms,  comcta,  und 
disetwe,  have  no  direct  relatioa  to  the  feeling  of  worship,  they  can- 
not be  disontouglcd  from  it.  The  uncoinprch(>nded,  tlio  unf&mitiar, 
and  the  Rupernaturai  arc  one  and  the  same  in  the  untrained  human 
niLDd;  and  one  aet  of  prejudices  cannot  be  dissociated  from  the 
othera. 

To  the  idea!)  acquired  m  youth  we  attach  a  sort  of  sacmlnetu;.  To 
the  course  of  action  we  follow  we  are  prone  to  claioi  some  kind  of 
myEtic  sanction;  and  tlus  mystio  sanction  applies  not  only  to  lu-ts 
of  virtue  ajid  devotion,  but  lo  the  most  luiimportanl  rites  and  cere- 
monies; and  in  these  we  reseat  changes  with  the  full  force  of  such 
conservatism  as  we  possess. 

It  is  againBt  limited  and  preconceived  notions  that  the  warfare  of 
science  has  been  directed.  It  is  the  struggle  for  the  realities  on  the 
part  of  the  individual  man.  Ignorance,  prejudice,  and  intolerance, 
in  the  long  run.  are  one  and  the  same  thing.  In  ftutue  one  line,  ut 
least,  every  lofty  mind  throughout  the  ages  has  demanded  objective 
reality.  This  struggle  has  been  one  Ijetween  science  and  theology 
only  because  theological  miBoonoeptionB  were  entangled  with  crude 
notions  of  other  sorts.  In  the  experience  of  a  single  btuuan  life  there 
is  little  to  correct  even  the  crudest  of  theological  conceptions.  From 
the  supposed  greater  importance  of  religioua  opmions  in  dctermimog 
the  fate  of  men  and  nalioDK,  theological  ideas  have  dominated  all 
others  throughout  the  ages;  and  in  the  nature  of  things,  the  great 
religious  bodies  have  formed  the  stronghold  of  coiiser\'&tigm  against 
which  the  scpuratcd  bantla  of  science  have  hurled  theinseU'es, 
seemingly  in  vain. 

But  the  real  essence  of  conservatism  lies  not  in  theology.  The 
whole  conflict,  as  I  have  already  said,  is  a  struggle  in  the  mind  of  man. 
From  some  phase  of  the  warfare  of  science  no  individual  b  exempt. 
It  exists  in  human  p[*>-{'hology  before  it  is  wrought  in  human  history. 
There  is  no  better  antidote  to  bigotry  than  tlie  study  of  the  growth 
of  knowledge.  There  is  no  chapter  in  history  more  encouraging  than 
that  which  treats  of  the  growth  of  open-min deduces.  The  study  of 
this  history  leads  religious  men  to  avoid  intolerance  in  the  present, 
through  a  knowledge  of  the  evils  intolerance  has  wTought  in  the 
past.  Men  of  Retence  are  spurred  to  more  cnmcst  work  by  the 
record  that  through  the  ages  objective  trutli  has  been  the  final  test 
of  all  thcorica  and  conceptions.  All  men  vnM  work  more  sanely  and 
more  effectively  as  they  realize  that  no  good  to  religion  or  science 
cornea  from  "  wishing  to  please  God  with  a  lie." 
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It  is  tho  mission  of  science  to  disclose  —  so  far  as  it  goes  —  the 
real  QBturci  of  the  universe.  Its  function  in  to  eliminate,  wherever  it 
be  found,  the  humao  cquution.  By  inethrtds  of  precision  of  thouglil 
and  instruments  of  precision  of  observation  and  csperimoat.  science 
eeeka  to  make  our  knowledge  of  the  email,  Ihc  dii^tunt,  the  invt^blc, 
Uie  mysterious,  »s  occurnte,  as  practical,  aa  our  knowledge  of  com~ 
iDOn  tbiuga.  Moroover,  it  seeks  to  make  our  knowledge  of  common 
tliiii0l  accurate  and  precise,  that  thiH  ai-curacy  und  precision  may 
be  translated  into  action.  For  the  ultimate  end  of  science  as  well  aa 
its  initial  impulse  is  the  regulation  of  human  conduct.  Seeing  true 
means  thinking  ri^t.  Right  thinking  meuns  right  action.  Greater 
precisioa  in  action  make«  iiigher  civilisation  poeeible.  Luck  of  pre- 
cision in  action  is  the  great  cause  of  human  mi.%ry;  for  misery  is  the 
inevitable  result  of  wrong  conduct.  "  Still  men  and  Dations  reap  as 
they  have  strewn." 

A  ctasaic  thought  in  the  hietorj-  of  applied  ftcienoe  ia  cxpreased  in 
thesB  words  of  Huxley :  ' '  There  can  be  no  alleviation  of  the  sufleringa 
of  tnao  except  id  absolute  veracity  of  thought  and  action  and  a  re- 
soiat«  facing  of  the  world  as  it  is."  "  The  world  as  it  is  "  is  the  pro- 
Tinea  of  science.  "The  God  of  tlie  things  as  they  are  is  the  God  of  the 
lugbest  heaven."  And  as  to  the  eane  man,  the  wurld  tkn  it  is  is  glori- 
oua,  beautiful,  harmoiiioue,  and  divine,  so  will  science,  our  tested 
and  ordered  knowledge  of  it,  be  the  inspiration  of  art,  poetry,  and 
religioQ. 

Pure  science  and  utilitarian  science  merge  into  each  other  at  every 
point.  They  are  one  and  the  same  thing.  Everj-  new  truth  can  \w. 
used  to  enlarge  human  power  or  to  allcNnat*  human  suffering.  There 
is  no  fact  so  remote  aa  to  have  no  possible  b«aring  on  human  utility. 
Every  new  conception  falls  into  the  grasp  of  that  hiKlicr  philan- 
thropy which  rests  on  the  compreheneiou  of  the  truths  of  science. 
For  science  is  the  fiower  of  human  altruism.  No  worker  in  science 
can  stand  alone.  None  counts  for  much  who  tries  to  do  so.  He  must 
enter  into  the  work  of  others.  He  must  fit  his  thought  to  their*. 
He  must  stand  on  the  shoulders  of  the  past,  and  must  crave  the  help 
of  the  future.  The  past  has  granted  its  assistance  to  the  fullest 
dagiee  of  the  most  perfect  sUruiaia.  The  future  will  not  refuse;  and. 
ia  return,  whatever  knowledge  it  can  lake  for  human  uses,  it  will 
ebooeo  in  untrammeled  freedom.  The  sole  line  which  sets  off  utili- 
tariao  science  lica  in  the  lioutatioa  of  human  strength  and  of  human 
life.  The  single  life  must  be  given  to  a  narrow  field,  to  a  single  strand 
of  truth,  following  it  wherever  it  may  lead.  Some  must  teach,  some 
must  Investigate,  some  must  adapt  to  human  uses.  It  is  not  often 
that  these  functions  can  be  umted  in  the  same  individual.  It  is  not 
neeeesnry  that  they  should  Iw  united;  for  art  is  long,  though  life  is 
durt,  and  for  the  next  thoUKuid  years  ecifiuce  will  be  etill  in  ita 
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infaacy.  We  staad  on  the  thrediold  of  a  new  century;  a  century  of 
acience;  a  ctnturj-  whoeo  discoveries  of  reality  shall  far  outweigh 
lho«e  of  all  ceuturies  which  have  preceded  it;  a  century  whoso 
glories  oven  the  most  conservative  of  st'icnttfic  men  dare  not  try 
to  forccaist.  And  thiw  twentieth  century  is  but  one  —  the  least, 
most  likely  —  of  the  many  centuries  crowding  to  lake  their  pliicA 
in  the  line  of  human  dc\'eIopraent.  In  each  century  wc  shall  see  a 
great  widening  of  the  horizon  u(  human  thought,  a  great  increase  of 
precision  in  each  branch  of  human  knowledge,  a  great  improvement 
in  the  conditions  of  human  life,  as  enlightenmeat  and  preciffion 
come  to  be  controlling  factors  in  human  action. 

In  the  remaining  part  of  this  addreas  I  shall  discuss  very  briefly 
some  .salient  features  of  practice,  investigation,  and  instruction  in 
those  Sfiencea  which  in  the  scheme  of  elaaaificution  of  Ihia  Congress 
have  been  aasigncd  to  this  division.  In  this  discussion  I  have  received 
the  invaluable  aid  of  a  large  number  of  my  eoileagues  in  scientific 
work,  and  from  their  letters  of  kindly  interest  I  have  felt  free  to 
make  some  very  interesting  quotatiooH.  To  all  these  gentlemen  (a 
list  too  long  to  be  given  here)  from  whom  I  have  received  aid  of  thia 
kind,  I  offer  a  most  grateful  acknowledgment. 


Engineering 

The  development  of  the  profession  of  enj^ncering  in  America  has 
been  the  most  remarkable  feattire  of  our  recent  industrial  as  well  as 
educational  progress.  In  this  branch  of  applied  science  our  country 
has  come  to  the  very  front,  and  this  in  a  relatively  short  time.  To 
this  progress  a  number  of  distinct  forces  have  contributed.  One  lies 
in  the  temperament  of  our  people,  their  native  force,  and  their 
tendency  to  apply  knowledge  to  action.  In  practical  life  the  Amer- 
ican makes  the  most  of  ail  he  knows.  Fa\-oring  this  is  the  absence 
of  cairte  feeling.  There  is  no  prejudice  in  favor  of  the  idle  man, 
Only  idlers  take  the  membera  of  the  leiaure  class  seriously.  There 
ia,  agun,  no  social  discrimination  against  the  engineer  as  compared 
with  other  learned  professions.  The  best  of  our  students  become 
working  engineers  without  loss  of  social  preetige  of  atiy  sort.  Another 
reason  is  found  in  the  great  variety  of  industrial  openings  in  America, 
and  still  another  in  the  Budden  growth  of  American  colleges  into 
universities,  and  universities  in  which  both  pure  and  applied  sciences 
find  a  generou?  welcome.  For  this  the  Morrill  Act,  under  which  each 
state  has  developed  a  technical  school,  under  federal  aid,  is  largely 
responuble.  In  the  change  from  the  small  college  of  thirty  years 
ago,  a  weak  eopy  of  English  models,  to  the  American  university 
of  to-day,  many  elements  have  contributed,  .^mong  these  is  the 
cuLTtent  of  euligbteamcut  from  G«rmaDy,  and  at  the  same  time  the 
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ioflueQce  of  far-seeing  leaders  id  education.  Notable  oniong  these 
have  been  T&ppau,  Kliot,  Agaesii:,  and  White.  To  widen  the  range 
of  univeisily  instruction  80  uti  to  meet  all  tbe  into  Hoc  tuaJ,  esthetic, 
and  IndusUial  needs  of  the  ablest  oieo  is  the  wcH-k  of  the  modem 
university.  To  do  this  work  is  to  give  a  great  impetus  to  pure  and 
to  applied  science. 

Two  claaees  of  men  come  to  the  front  in  tbe  dcvelopaicnt  of  cn- 
^Deering:  the  one,  men  of  deep  scientific  knowledge,  to  whom 
advaaee  of  knowledge  is  due,  tbe  other  the  grcftt  constructive  engi- 
neere;  men  who  con  work  iu  the  large  and  can  manage  great  enter- 
prieee  with  scientific  accuracy  and  practical  success.  Ever\'where 
the  tendency  in  training  is  awny  from  mere  craftsmanship  and 
towards  power  of  admiRistralion.  The  demands  of  tbe  laboratory 
leave  less  sad  less  time  for  the  shop.  "Two  classes  of  studoats," 
8a}*s  a  correspondent,  "should  be  encouraged  in  our  universities: 
First,  tbe  man  whose  scientific  attainments  are  such  that  he  will  be 
able  to  develop  new  and  import:u)t  processes,  the  details  of  which 
may  be  dtreetly  applied.  Thi.i  type  of  man  le  the  scientific  enginwr. 
The  other  is  tbe  so-called  practical  man,  who  vill  not  only  actually 
carry  on  engineering  work,  but  may  be  called  on  to  manage  large 
enlerprifles.  If  hit*  temperament  and  ability  are  such  as  to  gi^-e  him 
a  (borough  command  of  businuis  methods  and  detail^!,  while  he  is 
Id  a<ldilion  a  good  engineer,  he  will  find  a  field  of  great  usefulness 
before  him  on  leaving  the  university.  The  university  should  en- 
coangs  young  men  to  undertake  the  general  executive  work  nec- 
essary to  handling  men  and  iu  the  many  details  of  large  enterprises. 
He  euecessful  man  of  this  character  \s  necessarily  a  lender,  and  the 
university  should  recognize  that  5uch  a  man  can  be  of  great  influ- 
ence in  the  world,  if  he  is  thoroughly  and  broadly  educated." 

"We  need,"  says  another  correspondent,  "men  possessing  a 
better  general  training  than  m<xst  of  thoiie  now  entering  and  leaving 
o\ir  engineering  schools.  We  need  more  thoroughly  trained  teachers 
of  cngini*ring.  men  who  combine  theoretical  training  with  a  wide 
and  constantly  increasing  experience,  men  who  can  handle  the 
ftKtors  of  theory,  practice,  and  economics." 

"Technical  editcalion,"  says  another  correspondent,  "should 
look  beyond  the  individual  to  the  aggregate,  and  should  aim  to 
shape  its  activities  so  as  to  develop  at  tbe  maximum  number  nf 
points  Pympathetic  and  helpful  relations!  with  the  industrial  and 
en^neering  interests  of  the  state.  This  means  careful  and  steady 
efiort  towards  the  coordination  of  the  activities  of  the  technical 
•ebool  with  tbe  general  condition  of  industry  and  engineering  M 
regards  its  raw  materials,  its  constnictive  and  productive  operations. 
its  needs  and  demands  with  regard  to  personnel,  and  its  ai^tual  or 
poteotiol  trend  of  progress." 
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The  coming  era  in  engineering  is  less  a  period  of  disfovery  and 
invcntioti  lliiui  of  applii'fttion  on  n  lurge  scnle  uf  principles  already 
known.  Greater  enterpriBes,  higher  potent iaii ties,  freer  Mae  of  forces 
of  nature,  all  thr«e  are  in  the  line  of  en^neering  progress. 

"The  realm  of  physical  science,"  says  a  corre^ipoudent,  "liaa 
Ijeoome  to  the  practifal  man  a  highly  improved  a^riculiural  laud, 
whereas  in  earlier  days  it  waa  a  virgin  country  poFtncsBing  great 
possibilities  and  exacting  but  little  in  the  way  of  economic  treat- 
ment." 

In  all  forms  of  engineering,  practice  is  changing  from  day  to  day; 
the  prinriplefl  remain  fixed.  In  electricity,  for  example,  the  field  of 
knowledge  "  cxt«nda  for  beyond  the  direct  limits  or  necdsof  electrical 
engineers." 

"Ttie  best  criticism  as  to  engineering  education  came  formerly 
almost  entirely  from  professors  of  science  and  engineering.  To-day 
the  greatest  and  most  wholesome  source  of  such  critictiim  comes  from 
thoBe  e»gaged  in  practical  affairs.  We  have  begun  a  regime  wherein 
coordinated  theory  and  practice  will  enter  into  the  engineering 
training  of  young  men  to  u  fur  greater  and  more  profitable  extent 
than  ever  before." 

"Tlie  nmr\'elou8  results  in  the  industrial  world  of  to-day."  says  a 
correspondent,  "are  due  largely  to  the  spirit  of  'usefulneas,  activity, 
and  cooperation'  that  exists  in  each  community  of  interests  and 
which  actuates  men  employing  the  meane  which  applied  science 
has  so  bountifully  accorded.  I  know  of  no  greater  need  of  engineer- 
ing education  in  our  country  to-day  than  that  its  conduct  in  each 
institution  should  be  characterised  by  the  same  8pirit  of  useful- 
ness, activity,  and  cooperation." 

In  miniag,  as  in  other  departments  of  engineering,  we  find  in  the 
schools  the  same  growing  appreciation  of  the  value  of  training  at 
once  broad,  thorough,  and  practical,  and  the  same  preference  for  the 
university-trained  engineer  over  the  untrained  craftsman. 

The  head  of  a  great  mining  firm  in  London  wTites  me  that  "for 
our  business,  what  we  desire  are  young  men  of  good  natural  qualt- 
fications,  thoroughly  trained  theoretically  without  any  so-called 
practical  knowledge  unless  this  knowledge  has  been  gained  by 
eiDpInjinent  in  actual  worlcs." 

On  the  pay-roll  of  this  English  firm  I  find  that  five  men  receive 
salaries  of  more  than  J20,000.  All  these  are  graduates  of  technical 
departments  of  American  universities.  Se\'entfiea  receive  from 
$0000  to  520,000.  Nine  of  these  were  trained  in  American  univer- 
sities, one  in  Au»truliu,  and  two  in  England,  whilo  five  have  risen 
from  the  ranks. 

In  the  lower  portions,  meet  have  been  trained  in  Australia,  a 
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ffrv  in  England,  while  in  positions  bearing  a  salary  of  less  than 
$2500  moifit  have  tistt-n  from  th«  ranks. 

"Given  men  of  equaJ  qualificalions,"  says  the  director  of  this 
firm,  "ihp  man  of  techniral  training  is  bound  to  rise  to  the  higher 
poaillan  because  of  his  greater  value  to  his  employer.  As  a  rule, 
also,  men  who  httve  been  tec--hmcally  trained  are,  by  virtue  of  Iheir 
education,  men  who  are  endowed  vritb  a  professional  feeling  which 
does  not  to  the  !<ame  extent  exiitt  among  thoRe  men  who  have  risen 
from  the  rank  and  Ble.  Tlioy  are  therefore  more  tnistworthy,  and 
cepeciully  in  mining  work,  where  premium  for  dishonesty  exists, 
for  this  qualificatioti  alone  they  are  hound  to  have  precedence. 
We  do  not  by  any  means  wisli  to  disparage  the  qualifications  of  many 
men  who  have  risen  from  the  ranks  to  emincut  positions,  but  our 
opinion  may  be  concentrated  in  the  statement  that  even  thosd 
nien  would  be  better  men  had  tbey  received  a  thorough  technical 
training." 

The  progress  of  chemical  engineering  ia  parallel  with  that  in  other 
departments  of  teclinology.  Yet  tlie  appreciation  of  the  value  of 
theoretical  training  is  somewhiit  less  nuirked.  imd  in  this  regard 
our  manufacturers  aeem  distinctly  behind  those ^f  Germany. 

"The  development  of  chemical  industries  in  the  past  history  of 
the  United  States,"  says  a  correspondent,  "was  seriously  delayed 
by  the  usually  superficial  and  narrow  training  of  the  chemist  in 
the  colleges.  Thus  managers  and  proprietors  came  tn  undervalue 
the  importance  of  chemical  knowledxe.  The  greatest  need  at  present 
in  the  de^■e!opment  of  chemical  industries  is  an  adequate  supply 
erf  chemists  of  thorough  training  to  teach  manufacturers  the  impor- 
tance in  their  businese  of  adequate  chemical  knowledge.  Epoch- 
making  advances  in  chemical  industry  will  spring  from  the  hrn.in 
of  great  ehemistH,  and  to  insure  the  produeticm  of  a  few  of  these, 
the  couDtry  must  expect  to  seed  lavishly  and  to  fertilize  gener- 
ously the  soil  from  which  th©j-  spring.  Germany  has  learned  the 
lesson  well :  other  natioDs  cannot  long  delay." 


AgricuUiire 

In  the  vast  range  of  the  applications  of  science  to  agriculture,  the 
aanM  general  statements  hold  good.  There  13.  however,  no  such 
Henera)  appreciation  of  the  value  of  training  as  appears  in  relation 
10  the  various  branches  of  training,  and  the  men  of  scientific 
education  arc  mostly  nbsorhcd  in  the  many  ramilicatinns  of  the 
Department  of  .'VgricuUure  and  in  the  state  agriculturnl  colleges 
and  experiment  stations.  There  are  few  illustrations  of  the  power  of 
national  cooperation  more  striking  thnn  those  shown  in  the  aehiove- 
tneots  of  the  Department  of  Agriculture.    I  have  no  time  to  touch 
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OD  tbe  varied  braached  of  tigricullural  reHearcti,  the  Htudy  of  the 
chemistry  uf  foods  and  eoils,  the  practice  of  irrigation,  the  fight 
against  aduiteratious,  the  fight  nguiiut  nuxi^us  in.'<<M:tJt,  iiiul  ull  the 
Other  cbajmela  of  agricultural  art  and  practice.  I  can  only  com- 
mend the  akill  and  tbe  seal  with  wbJcb  all  these  lines  of  effort  have 
been  followed. 

ITie  a.rt  of  agriculture  is  the  application  of  all  the  sciences.  Yet 
'■agricuilural  education,"  writes  a  correspondent,  "hue  not  yet 
reached  the  dignity  of  other  forms  of  technical  education." 

"The  endowmcttt  of  the  science  of  agricultural  research  in  the 
United  States  is  greater  than  in  any  other  country.  The  chief  fault 
to  be  found  is  in  striving  too  rapidly  tor  practical  applications 
and  in  not  gi\'ing  time  enough  for  the  fuadamcutal  research  on  which 
these  upplicatioiiB  muMt  rest.  The  proiHirtion  of  applied  agricul- 
tural science  in  agriculture  is  too  great  in  this  country.  While  we 
do  cot  need  fewer  workers  in  applied  agriculturiil  seieaec,  we  do 
need  more  workers  who  would  devote  themtielvca  to  fundamental 
research. ' ' 

Two  branches  of  applied  science  not  specifically  noticed  in  our 
scheme  of  otaasificution  seem  to  lue  to  deiiiuiid  u  word  of  notice. 
One  is  selective  breeding  of  plants  and  animals;  the  other,  the 
ailiGcial  hatching  of  fishes.  By  the  croBsing  of  animal.''  nr  plants 
not  closely  related,  u  great  range  of  variety  appears  in  the  progeny. 
Souui  of  these  may  have  one  or  more  of  the  desirables  qualitivK 
of  either  parent.  By  selection  of  those  possessing  such  qualities 
a  new  race  may  be  funned  in  a  few  generatious.  Tlie  practical 
value  of  tbc  results  of  such  experiments  cannot  bo  ovcr-«stimat«d. 
AJthough  by  no  means  a  modem  process,  the  art  of  selective  breed- 
ing is  still  in  its  infancy,  its  practice  promises  to  take  a  leading 
place  among  lliu  economically  valuable  applicntii>n»  uf  iKience. 
At  the  same  time,  the  formation  of  speeiea  of  orRanisma  under 
the  hand  of  man  throws  constaut  floods  of  light  on  tbe  great  ques- 
tions of  heredity,  variation,  and  selection  in  nature,  the  problem 
of  the  origin  of  apceica. 

In  this  connection  I  may  refer  to  artificial  hatching  and  accli- 
matization of  fishes,  the  work  of  tbe  United  States  Bureau  of  Fish- 
eries and  of  tbe  fiah  commissions  of  the  different  states.  There 
are  nuiny  Mjx^cies  of  fish,  notably  those  of  the  salmon  family,  in  which 
the  eggs  can  be  taken  and  fertilized  by  artificial  processes.  These 
eggs  can  be  hatched  in  proteetod  waters  so  that  the  young  will 
escape  many  of  the  vici-tsitudes  of  the  brook  and  river,  and  a  thou- 
sand young  fisliea  can  be  sent  forth  where  only  a  dozen  grew  before. 
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Af(dicine 

la  the  v&«t  field  of  medicioc  I  can  only  indicate  io  &  fe<v  words 
oerlain  salient  fealurcs  of  medical  research,  of  medical  practice, 
Mid  of  medical  instruction  !□  America- 

In  matters  of  rcseftrch,  the  mogt  fruitful  liac  of  i&vostigation 
has  been  along  the  line  of  the  inocbaniam  of  iiuuiunily  from  cun- 
tHjpous  (Useases.  To  know  the  nature  of  microorgauisois  aod  their 
effect  on  the  tiitiiue^  is  to  fumisb  the  tncantt  uf  fighting  them.  '■  The 
first  place  in  expeiimenlal  medicine  to-day,"  says  Dr.  W.  H.  Welcb, 
"in  occupied  by  the  problem  of  immunity."  That  medicine  is  bo- 
ooming  a  scieiitilii-  professioa  and  not  a  trade  is  the  ba«is  of  the 
grov(>iDg  interest  of  our  physicians  in  ecientifiu  problems,  and  this 
a{;tun  letwk  to  increased  succetis  in  dealing  with  matters  of  health 
and  disease.  Tlie  discovt^ry  of  the  part  played  by  niottquitoe^  in 
the  dissemination  of  maisria,  yellow  fever,  dengue,  elephaatiasia, 
and  other  dJaeasee  cauised  by  miccoorgaaisniB  marks  na  epoch  in 
the  study  of  these  disenses.  Tlie  conquest  of  diphtheria  is  another 
of  the  features  of  advance  in  modem  medicine,  and  aaother  is 
■howQ  in  the  Ktcat  development  of  fiurKicul  «kill  characteristic 
of  Ameiicun  mediosi  science.  But  the  dist^overies  of  the  last  decades 
have  been  rarely  startling  or  epoch  •making.  They  ha\'e  rather 
tended  to  fill  the  gaps  tn  our  kuuwledge,  und  tiiere  rcuiain  many 
more  gape  to  611,  before  modical  practice  can  reach  the  highest 
poiDt  of  adequacy.  The  great  need  uf  the  professon  h  still  in  the 
direction  of  reaearcb,  and  research  of  the  cliaracter  which  t^kes 
Uic  whole  life  and  energy  of  the  ablest  men  demands  mont-y  for 
Us  mainteniuiee.  We  need  no  more  medical  colleges  for  the  leanh- 
ing  of  the  elen>erits.  We  need  echools  or  laboratories  of  research 
for  the  truiuing  of  the  mastcm. 

In  ibe  development  of  medicine  there  has  been  a  steady  mov&- 
ment  away  from  uoiveraal  systems  aod  a  priori  principles,  on  the 
one  liand,  and,  on  the  uthcr  hand,  from  blind  cnipinciMii.  with 
the  giving  of  dru^s  with  sole  referenee  to  tlieir  apparent  results. 
Tbe  Applications  of  sciences  —  all  sciences  which  deal  with  life, 
irttb  force,  and  with  chemical  com|x»tition  —  must  enter  into  the 
tMOB  of  mediebo.  Hence  the  ineisteut  demand  for  better  prelim> 
bary  training  before  entering  on  the  study  of  medicine.  "Only 
the  genius  of  the  tirst  order,"  sayx  a  correeipoiident,  "can  get  on 
without  proper  schooling  in  his  youth.  What  our  medical  iiives> 
tigaton;  in  this  country  most  need  is  a  thorough  grounding  in  the 
sciences,  especially  physics  and  chemistry." 

The  instruction  in  medicine,  a  few  years  ago  almost  a  farce  in 
America,  hns  steadily  grown  more  serious.  Laboratory  work  and 
cliaical   exjierience  have   taken  the   place  of  lectures,  the   coureea 
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have  been  lengtheued,  higher  prep&raiioD  for  entrftuce  has  been 
exact4fd.  thuugh  in  almost  all  our  schools  theso  requirements  arc 
still  far  too  low,  and  a  more  active  and  original  type  of  teafiher 
has  been  iii  demanicL  Even  yet,  ao  far  as  raedioaJ  instniclioa  is 
coiifcriicd,  the  hopeful  sign  is  to  he  found  iu  progress  rather  than 
in  Bchievempnt.  A  college  poursc,  having  as  its  major  subjects 
the  acienres  fundamental  lo  medicine,  is  not  too  much  to  exact  of 
a  student  who  aspires  to  be  a  physician  worthy  of  our  times  und  of 
the  degree  of  our  universities.  First-hand  knowledge  of  real  things 
should  be  the  keynote  of  all  scientific  instruction.  "Far  more 
effort  ifl  now  made,'"  wrilejt  a  correspondent,  "in  both  the  prepar»- 
tor>'  and  the  clinical  branches  to  give  the  student  a  Brst-hand  know- 
ledge of  his  subject.  This  tendency  has  still  a  long  way  to  travel 
before  it  is  iu  dwnger  of  being  overdone.  The  privctieal  result  of  this 
tendency  is  that  the  cost  of  education  per  student  is  greatly  in- 
creased and  the  profits  of  purely  commercial  schools  are  thereby 
threatened.  This  forms,  doubtless,  the  main  source  of  the  objec- 
tion made  by  the  weaker  and  less  worthy  schools  to  better  methods 
of  inslniction.  We  need  well-endowed  schools  of  medicine  that  may 
earry  oa  their  work  uuliauipered  by  the  necessities  of  a  commercial 
venture.  Medical  schools  now  exist  in  great  numbers,  ^  many 
of  them  cannot  keep  up  with  mndera  requirements,  and  TiBcesaa- 
rily  tbeir  salvation  lies  in  aiituf^niiiing  cvm'lhiug  iu  the  nature 
of  more  ample  and  more  oxpcniiivc  tmining." 

Another  correspnndent  writes,  emphasizinf;  the  value  of  biologic 
studies:  "The  final  comprehension  of  bodily  activity  iu  health  and 
dinea^e  deiiends  on  knowledge  of  living  things  from  ovum  to  birth, 
from  birth  lo  maturity,  and  from  maturity  to  old  :^e  and  de«.th. 
Anything  kss  than  auch  fundamental  knowledge  requires  constant 
gtiee«<iiig  to  fill  up  the  gaps,  und  gucswe;*  nre  nearly  always  wrong." 

In  many  regards,  even  our  best  schools  of  medicine  seem  to  show 
serious  deficiencies.  The  teaching  of  anatomy  is  still  one  of  the 
most  costly,  as  ^vftll  lut  lea^t  .'•atisfactory,  of  our  lines  nf  work.  A 
correspondent  L-alls  attention  to  the  fact  that  in  making  anatomy 
"  practical "  in  our  medical  schools."  wcc-spcnded  last  year  4750,000 
in  the  United  States,  twice  the  amount  exjteiided  in  Germany, 
with  as  A  result  neither  practical  anatomy  nor  scientific  achieve- 
ment." "Anatomy."  he  continues,  "should  be  made  di»linctly  a 
university  department,  on  a  basis  similar  to  that  of  physics  and 
cheniiKtry.  Unfortunately,  university  presidents  still  stand  much  in 
the  way  of  the  development  of  nnatouiy.  for  many  of  them  seem  to 
think  Ihnt  almost  any  one  who  wears  the  gown  is  good  enough 
to  become  a  professor  nf  anatomy.  Repeatedly  have  1  witnessed 
the  appointment  of  a  know-nolliiug  when  a  recognized  young  man 
n^glit  liuvc  been  bad  for  half  the  money."    Our  forces  are  dissipatcdi 
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the  fear  of  things  scwntifie  has  destroyed  ev«u  the  prsctica]  in  this 
Qobl«  old  mother  srtencc  which  is  still  giving;  birth  to  new  8ci«iic«3 
and  to  brilliant  discoveries. 

Among  other  matters  too  much  neglected  are  pcrsoiial  liygieue, 
a  matter  lo  whinh  the  phytticiun  of  tliu  puett  has  been  iiotoriuu^ty 
and  joyously  indifferent.  Eepecially  is  this  true  an  regards  the 
hygiMie  of  exercise  and  the  misuse  of  nen'tvafTecting  drugii. 

Public  sauilalion  as  well  destrves  more  ttttention.  "The  demajid 
for  adequately  trained  oSicers  of  public  health  is  not  what  it  should 
be,  and  our  public  service  as  a  whole  is  fftr  below  that  of  European 
countries.  Both  public  opinion  and  university  authoritiea  are 
raqMDsible  for  this  condition." 

The  hygiene  of  childhood,  in  which  line  great  advances  are  made, 
is  still  not  adequately  rcpreseuted  in  most  of  our  medical  colleges, 
and  the  study  of  psychiatry  and  ncr\-oiia  disturbances  in  genoral 
is  not  sufficiently  lifted  from  the  realm  of  quackerj*.  "Not  only," 
aaya  a  correspondent,  "should  psychiitlry  be  taught  in  every  med- 
ical school,  but  it  ebuuld  be  taught  frum  a  clinictU  standpoint. 
Every  city  in  which  there  are  medicAt  (tchnoUi  should  have  a  psych- 
npathic  hoitpitaJ  for  the  reception  of  all  cases  of  nllegcd  insanity 
and  for  iheir  study,  trtalincnt,  and  cure.  Such  ti  liospitul  .should 
contain,  aim.  a  laboratory  for  the  study  of  normal  and  of  patho- 
logical psychologj".  I  am  convinced  that  progress  in  normal  psych- 
ologj-  will  be  made  chiefly  through  the  etudy  of  abnormal  condi- 
tiona,  jUKt  as  physiology  has  profited  so  enormously  through  the 
work  of  the  patholngist," 

A.  word  should  be  said  for  veterinary  medicine  and  its  achieve 
mnit«  of  enormous  economic  value  in  the  control  of  tli©  contagious 
diseaseeftf  animals.  The  recent  achievements  of  varciniition  against 
tb«  Southern  cattle  fever  and  against  tuberculosis,  the  erndication 
of  the  foot  and  mouth  disease  among  other  matters,  have  dcmandod 
the  highest  scientific  knowledge  and  the  greatest  !akill  in  its  practi- 
cal application. 

Unfortunately,  veterinary  science  lacks  in  ibis  country  adequate 
faciUtiee  for  reeearch  and  Instruction.  "Practically."  sayn  a  cor- 
respondent, "the  veterinary  sciences  in  the  (Suited  States  aro  load- 
tog  a  parasitic  exwtence.  We  are  dependent  almnet  wholly  upon 
the  results  of  investigaticn  and  teaching  of  European  fouiitries.  not* 
al>ly  Germany  and  Denmark.  The  value  of  the  live-stock  industry 
here  u  so  tremendoiL't  tliat  almost  everj-  state  in  the  Union  should 
have  a  well-equipped  veterinary  school  supported  by  public  funds. 
There  b  but  one  veterinary  school  in  the  United  States  that  has 
Anything  like  adequate  support."  That  thin  is  true  shows  that  otir 
farmere  and  stock-raisers  are  very  far  fmin  having  an  adequate 
idea  of  one  of  tbv  muel  important  of  their  ucoqoouc  ueeds. 
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We  may  juetify  the  inclusion  o(  economics  among  the  utilitarian 
Bcicocefl  OB  grounds  which  would  equally  iDclud'e  the  scicucce  of 
ethics  and  hygiene.  It  i»  extremely  wise  as  well  as  finaiicially  profit- 
able to  take  caxe  of  one's  health,  and  still  more  so  to  take  thought 
of  one's  conduct.  Tiic  science  of  economics  in  eome  degree  touches 
the  etliics  of  tuitions  and  the  "  wealth  of  afttions,"  ft  large  factor  in 
the  happiness  of  the  individuals  contained  within  them,  depends 
OQ  the  nation's  attitude  towards  economic  trutlis.  Another  juKtl- 
ficalion  of  this  incluaion  is  found  in  the  growing  tendency  in  our 
country'  to  eull  on  professional  economists  I>o  direct  uutioual  opera- 
tions. On  the  other  hand,  our  economists  themselves  arc  becoming 
more  and  more  worthy  of  such  trusts.  The  inductive  study  of  their 
Boience  brings  them  into  closer  contact  with  men  and  with  enter- 
prises. By  this  mcunA  they  tjccome  students  of  administration 
aa  well  as  of  economics.  They  realize  the  value  of  individual  effort 
BS  well  as  the  limitations  which  bound  all  eorts  of  executive  work, 
in  a  rcpubUc.  "Only  a  few  years  ago,"  wrilcn  a  correspondent, 
"the  teachers  of  economics  were  far  more  generally  unfavorable 
critics  of  government  work  which  int«re8tcd  them.  They  have 
become  more  and  more  di.spa.sed  to  cooiwratc  at  the  beginning 
rather  ihan  to  condemn  at  the  end.  Just  aa  economics  has  taken 
a  more  kindly  and  hospitable  attitude  towards  politics,  so  similarly 
has  it  towards  business,  as  illustrated  in  the  rapid  rise  of  coutsob 
in  commerce,"  The  demand  for  trained  economists  In  public  affairs 
Is  "  comj)elIinK  the  teachers  of  economies  more  and  more  to  seek 
contact  with  the  men  who  are  grappling  face  to  face  with  economic 
problem^). " 

The  relation  of  economic  theory  to  administration  is  a  subject 
on  which  there  is  much  diversity  of  opinion,  it  is  claimed  by  able 
authority  that  "economic  science,  by  hecominfi  ultra-thcor«'lical .  hi»s 
come  into  far  closer  touch  with  practical  life  than  it  ever  attained 
before.  Laws,  the  statement  of  which  seems  like  a  refinement  of 
theory,  determine  the  kind  of  legislation  required  on  the  most 
practical  of  aubjoctfl."  On  another  hand,  it  la  claimed  by  high  au- 
thority that  our  country  must  have  its  own  political  economy. 
"The  generalisations  arising  solely  from  the  uniformity  of  human 
nature  are  so  few  that  they  cannot  constitut*  a  science.  The  classical 
or  orthodox  political  economy  of  fjigland  was  conditioned  from 
start  to  finish  by  the  political  problems  it  had  to  face.  We  are  only 
be^nning  to  acquire  our  national  independence." 

Still  another  view  is  that  "all  that  has  been  achieved  in  the  field 
of  economics  that  is  of  any  value,  has  been  the  result  of  lo^cal 
analysis  applied  to  the  phenomena  and  experiences  of  evcry-day 
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mdustrial  tifc.  The  stages  of  pa^  development  can  be  determined 
and  interpreted  oaly  in  ttie  light  of  this  atmlysia.  The  lesson  which 
tbe  hLttorical  economist  has  ne\'er  learned,  is  the  importance  of 
that  principle,  which  Ilea  at  the  bottom  of  the  whole  inoderD  theory 
of  evolution,  anil  which  was  made  use  of  by  Lyell  and  Darwio, 
o&tnely,  tbe  principle  that  historical  changes  of  the  past  are  to  be 
ueoanted  for  by  the  long  continued  action  of  causee  which  are 
at  this  present  moment  in  operation  and  can  be  observed  and 
meaaured  at  tbe  present  day."  "ThiB,"  says  my  correepondont, 
"need*  saying  and  re-saying,  until  it  is  burned  into  the  minds  of 
all  student*  of  ecouomics." 

The  recent  progrcais  of  economics  in  America  has  lata  in  part  in 
the  development  of  economic  theory  by  critical  and  by  construct- 
ive methods.  An  important  reason  for  welcoming  the  exact  and 
critical  study  of  economic  theory  is  thiii:  In  tbe  promulgation  of 
iai&giuary  economic  principles  the  eocial  and  political  charlatan 
End^  his  choice  field  of  oper&tion,  lust  as  the  medical  charlatan 
deals  with  some  univeraul  law  of  disease  and  its  universal  cure, 
The  progress  of  ecienee  in  every  field  discredits  these  universal 
principles  with  their  mystical  panaceas.  There  is  all  the  more  reason 
why  in  politics,  as  lu  medicine,  those  generalizations  which  deul 
with  necessary  laws  or  actually  observed  sequence  of  events  should 
be  critically  and  constructively  studjed. 

In  general,  however,  the  progress  of  economics  has  followed  the 
same  lines  as  progress  in  other  sciences,  through  a  "  minute  investi- 
Ration  and  tbe  application  of  principles  already  discovered  or  out- 
lined by  painstaking  inquiry  as  to  facts."  This  method  of  work 
has  been  especially  fruitful  in  the  study  of  monetary  problems, 
of  finance,  taxation,  and  insurance,  in  the  study  of  labor  problems 
and  conditions,  in  the  study  of  commerce,  and  in  the  study  of  crime 
and  pauperism.  In  its  development  economics  is,  however,  many 
\'ear9  beliind  the  natural  sciences,  a  condilinn  dtio  to  reliance  on 
metaphysical  methods  and  to  the  inherent  difficulty  in  the  use  of 
tuxy  other. 

"Economics,"  says  a  correspondent,  "has  been  less  successful 
than  the  material  sciences  b  getting  lid  of  the  apparatus  of  meta- 
physical presumptions.  The  economist  is  still  too  eager  to  formu- 
late laws  that  shall  di.sclose  the  ultimate  spiritual  meaning  of  things 
instead  of  ir>-ing  to  explain  how  these  things  came  to  pass.  He 
has  profited  in  small  degree  by  those  lessons  which  the  progressive 
evohHioDRry  sciences  have  driven  home  in  the  past  in  the  methods 
<»r  thinking  of  workers  in  other  fields.  Our  science  Is  still  sadly  behind 
tbe  times  in  its  way  of  handling  its  subject-matter.  The  greatest 
and  most  important  wnrk  of  economic  inv&itigations  is  to  make 
sludCQta  see  things  as  they  ore,  to  fit  young  men  for  the  more  highly 
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organized  business  new  conditions  are  ushering  in,  and  give  a 
better  appreciation  of  the  problems  of  government  and  a  better 
training  for  participation  in  them." 

Says  another  correspondent:  "Training  in  research  is  in  fact 
essential  to  every  technical  man.  The  young  technologist  will  be 
confronted  by  new  problems  not  covered  by  anything  in  literature 
or  in  his  past  experience.  Training  in  research  is  training  in  the  art 
of  solving  Unsolved  problems,  and  the  practical  man  who  has  had 
discipline  of  that  kind  has  a  great  advantage  over  his  more  conven- 
tional competitors.  The  Germans  recognize  this  principle,  and 
behold  their  raarveloua  industrial  growth.  The  student  in  every 
department  of  science  should  be  taught  to  think  as  well  as  to  do." 

The  time  must  come  when  a  man  who  has  no  training  and  no 
experience  in  research  will  not  be  called  educated,  whatever  may 
be  the  range  of  his  erudition.  To  unfold  the  secret  of  power  is  the 
true  purp<^e  of  education. 
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[WQliua  ThomM  C^oacUnULa,  Sh&ttuck  Profevwr  of  PatholoKical  Anktonnr,  Har- 
vard UlUTenil7  Ucdlcsl  Schcol.  b.  Marvlund.  1864.  M.D.  Mar>'liuul  CIU^-DI^ 
>ity;  A.m.  (Hoa)  ZUrvaidand  Johiu  ffopkins  Ucivmity.  Orndunlc  Auilml 
of  Johtu  Hopkina  Uiii\'eii(ily;  special  rourw.  Vi«mut,  lifljucift,  Prac^.  8tna>- 
burK-  AwiftADt  in  Phyoiolof^  and  Ambiniy,  AMOciBto  Pro(«ssor,  Johna 
HopkiM  Univmitv.  Mrmlvr  of  .\wucintion  of  .VnuinoiD  Phyaifians,  National 
AcMcrny  of  Scicnoi'.  Author  o(  lurdical  norka  on  thphlktiia;  Smail-Pox:  aod 
CtTtbro-S-pinal  Uminfitit.} 

Am  acquuntance  with  present  oooditioaa  iti  medicine  and  with 
Itie  literature  uf  the  pust  makes  us  uwurc  of  u  ^i^^t  uh^iiige  bot^i  in 
llie  conceptiona  of  medicine  and  in  the  methods  by  which  the  con- 
ceptions are  reached.  There  lias  been  a  great  increase  tir  knowledge 
brought  about  I>y  tnvCHtigatioD  and  experiment,  a  reuluntion  of 
the  valu«  of  kmm-ledRe  and  its  acceptunce  and  utiliKiUton.  Mcdi- 
rtno  has  severed  all  connectioo  with  spectdative  philoifophy  and 
iak«o  it«  true  place  among  the  natural  ;^-ieace».  It  ha«  been  brought 
into  elosM-  accord  with  other  sciences  than  over  before  and  has 
accepted  the  methods  of  science.  Thrre  arc  no  flyKt<;nia,  no  schoolt), 
no  pAramount  authority;  no  hypothesii*  is  so  firmly  held  that  it 
M  not  instantly  rcjwt«d  when  it  faiis  to  Mcord  with  new  knowledge. 
Progreas  in  medicine  has  gone  hand  in  hand  with  progress  in  all 
depart  meota  of  knowledge. 

Medicine  has  for  its  problcnu  the  eausc.  the  nature,  the  preven- 
tion, the  cure  of  diaenae.  It  is  a  branch  of  hiolog>-  in  that  in  all  of 
il«  relalioDS  it  has  to  do  with  living  things.  The  oiitolof;ic  concep- 
tion nf  diwKM  as  a  thing  dilTcring  from  and  entering  into  the  urgan- 
iam  is  no  longer  held,  but  di.*<yise  is  regarded  as  a  condition  of  living 
things  in  which  there  is  disharmony  of  function.  The  phenomena 
of  life  depend  upon  actions  exerted  upon  living  tissue  by  its  sur- 
roundings. When  the  action  exerted  leads  to  form.*)  of  activity 
vbicb  differ  from  and  faJl  to  come  into  accord  with  the  usual  activ- 
itiet,  vrhatc^'Cr  produces  such  an  action  is  a  «auM  of  disca^o.   These 
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eausAtive  agencies  acting  on  the  tisetue,  produoe  structural  alter- 
ations, in  consequence  of  which  even  the  action  exerted  by  the  or- 
dinary suiToundings  muy  result  in  diuharniuny.  The;  tcrm^  health 
and  diseatte  both  carry  with  them  the  conception  of  ac^tivity.  AU 
though  the  ubnormahty  of  function  \s  aLwaya  associated  wilh  and 
dependH  n()on  structural  alteration,  there  may  lie  cxlcnnivf  struc- 
tural alterfttion  which  is  ao  repaired  or  nompeiiaated  for  that  it 
dom  not  result  in  disease. 

Id  the  history  of  the  advance  uf  knon-l(;<lgc  in  medicine  vc  tind 
two  inetliods  by  which  tnow-ledge  has  been  sought.  In  one,  the 
endeavor  has  been  made  to  form  conceptions  of  the  objcets  studied 
by  mennH  of  iinpre^sinns  Lonveyed  by  the  atiises.  GreHl  advances 
have  always  followed  the  discovery  of  methods  and  instmnientR 
by  means  of  which  the  territory  of  investigation  has  been  extended. 
The  inquiry  doe^  not  stop  with  the  mere  description  of  the  eoncep- 
tions  derived  from  the  scnse-imprc'ssioiiB,  but  an  effort  is  made  to 
corrolftte  them,  to  ascertain  preceding  conditions,  and  the  meaning 
or  idea  involved.  When  the  inquiry  passes  beyond  the  imineiliate 
investigation,  an  ideal  conception  of  the  nature,  the  int*rrclation, 
the  cause  or  the  result  of  the  conditions  studied,  an  hypothesi.t, 
may  be  formed,  based  on  experience  and  analog^'.  Tlie  hypothesis 
must  be  tested  by  further  observation  under  naturnl  conditions  and 
by  the  experiment  whicli  hivolvea  observation  under  known  and 
cODtrolled  conditions.  When  the  hypothesis  has  Ijeen  so  tested 
and  found  to  hold  ji:,wk\  in  nil  nwiv  nnder  the  ttiiiiie  conditioiut,  it 
can  be  used  as  a  basis  from  which  new  questions  may  arise. 

The  other  method  is  by  speculation.  By  a  wide  and  illegitimate 
use  of  analoRy  conceptions  are  formed  and  projected  into  the  objeots, 
instead  of  being  derived  from  the  scnM-impressions.  A  tendency 
to  speculation  is  inherent  in  the  nature  of  man,  Confronted  al- 
ways with  the  nnkiKHvn,  which  has  such  enormou.si  proportions 
compared  with  the  known,  and  so  much  of  which  seems  to  be  re- 
moved from  the  imssibility  of  actual  investigation,  man  is  led  to 
attempt  to  answer  the  questions  which  the  unknown  thrust  upon 
him  by  moans  of  the  imagination.  As  knowledge  Ijccomes  deeper 
and  more  extended.  Hpet'ulation  tends  to  lieeome  more  confined. 
True  philosophy  aims  at  a  complete  understanding  of  the  causal 
rolfttion  of  all  proceases  in  nature  and  of  man's  relalion  lo  lhe«e 
prncoBMeB.  Disease,  aa  one  of  the  most  important  conditions  in 
nature  affecting  man  in  all  of  his  relations,  has  always  had  an  im- 
portant pliice  in  pliiloRitphy,  .Ml  the  systems  of  philosophy  in  Hie 
past,  from  Plato  down,  have  embraced  specul«lion«  roncerniue 
disease.  The  true  ends  of  philosophy  cannot  be  reached  by  spccu- 
lalion,  but  by  the  use  of  all  the  material  for  observation  given  by 
the  natural  sciicnpes,  and  a  philosophic  system  wilt  contain  just  so 
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much  truth  as  there  is  natural  science  in  it.  Nature  seems  to  de- 
list in  Muting  all  conceptions  of  her  processes  wliich  ore  not 
bwed  oa  seDso-imprcssioiLB, 

The  progress  of  knowledge  hy  these  two  methods  haa  been  the 
tBRU!  in  ail  sjfiences  as  jd  medicine,  but  it  is  more  easily  followed  in 
nedtcine^  hecHUK  of  the  important  place  which  iu*  subject  disciise 
hu  aJways  held  in  the  thoughts  of  man.  It  is  possible  to  trace  the 
past  in  the  conditions  of  The  present.  In  the  earliert  period  of  medi- 
cine, before  there  were  any  records  of  the  study  of  the  phenomena 
of  disOasc  and  any  differentiation  of  dificasc.  dieease  was  regarded 
as  the  viHitation  of  the  wrath  of  offended  deitiej!,  and  the  surest 
mode  of  ita  relief  the  propitiation  of  the  deity  by  supplicaliona  and 
ofTenngs.  Such  beliefs  ore  &till  held,  or  at  least  practices  which 
were  baf*ed  on  such  heltefs  are  cuniinued.  In  almost  all  countries 
at  the  present  time  it  is  the  custom  to  otler  supplications  that  the 
dieense  uf  an  important  individual  mnv  be  removed  by  divine  inter- 
porition.  It  is  inie  tliat  such  prayers  may  t*  a  purl  of  past  tradi- 
tioQ  or  a  part  of  the  discipliae  of  a  religious  system,  but  undoubt- 
edly their  cfficncy  i»  believed  in  by  many.  Disease-  has  plnycd  an 
imiiortant  rAIe  in  s>-slems  of  reliiiions,  an<l  the  teachers  of  the  sys- 
tem who  bad  most  fully  embraced  its  tenets  were  eupposed  to  be 
the  most  efficacious  in  removing  disenwe.  Christian  Science  is  only 
one  of  a  great  number  of  reliRiouB  systems  held  to-day  in  which 
treatment  of  disease  forms  an  important  part  of  the  cult.  In  the 
past  th6re  have  haen  systems  of  medicine  which  gave  explanations 
of  nil  phonoracna,  and  the  8}'8t«m  being  porfeet  the  phenomena 
were  removed  from  furt.hcr  invest igatinn.  Homeopathy  ia  the  mo6t 
important  sur\'ivor  of  such  speculative  systems. 

l^pcculatioD  ha«  imdoubtedly  been  fostered  by  systems  of  religion 
founded  on  what  waa  accepted  as  supernatural  revelation.  Rev-c- 
lation  which  sufliced  for  the  explatintinn  of  phennniena  at  the  time 
when  it  was  given  becomes  firmly  and  inseparably  blended  with 
speculation  when  it  must  be  expanded  to  meet  n  wider  range  of 
phenomena.  Knowledge  cannot  1*  diffused,  accepted,  or  utilised 
beyond  (he  general  development  of  culture.  Any  general  influence 
which  can  be  exerted  on  the  pctipic,  turning  thought  into  new 
directions,  giving  new  subjects  and  proper  methods,  is  of  great 
importanre.  Darwin,  by  subrtitviling  a  rational  and  easily  com- 
pr^ended  hypothesis,  based  on  observation  and  experiment,  with 
a  clear  ^atemcnt  of  the  method  by  which  the  hypothesis  was 
formed,  for  a  revelation  which  did  nfH  .luffioe  and  which  could  not 
be  tnisted  to  conform  to  what  was  of  general  and  accepted  kuow- 
lod^,  exerted  probably  the  greatest  influence  on  general  acientific 
progress  in  the  last  century.  Medicine,  like  all  other  scieDcc-s,  hog 
fdt  it8  vivifying  influence. 
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One  of  the  greatest  olianges  wbioh  has  taken  place  in  the  last 
century  is  the  general  acceptance  of  the  idcA  thut  medicine  is  a 
natural  Hciencc,  in  which  knowledge  miiet  be  sought  by  the  lucthods 
of  iwieuce,  namely,  observation  and  experiment,  and  that  diseafie  is 
the  result  of  injurious  conditions  acting  upon  the  tissues.  A  great 
part  of  the  mystery  surrounding  disease  lias  been  removed  by  know- 
ledge of  the  conditions  which  give  rise  to  it,  with  the  further  know- 
ledgo  that  it  is  pos^blc  to  prevent  disease  by  removing  such  con- 
ditions. Even  though  some  tnay  still  tx^tieve  that  an  epidemic  of 
typhoid  fever  is  au  act  of  Ood,  they  must  &ee  that  the  action  is 
exerted  by  mefins  of  a  defective  water-supply,  nnd  the  sureM  way 
of  removing  the  epidemic  is  not  by  supplicutJon,  but  by  purifying 
the  water.  At  no  time  in  the  world's  history  has  the  importance  of 
knowledge  been  so  fvdiy  recognized  as  at  present.  People  see  the 
application  of  knowledge  in  the  arts,  and  that  improvement  in  the 
processes  involved  is  directly  dependent  upon  iocroasod  knontcdgc 
of  the  pro«es!«e3-  There  is  a  closer  union  Iwtweeu  iwience  und  wt  than 
has  ever  been  before.  We  see  the  influence  of  the  appreciation  of 
knowledge  in  medicine  in  the  general  acceptance  of  the  idea  that 
the  hospital,  in  addition  to  taking  care  of  the  sick,  sliall  furtkiah 
facilities  for  the  investigation  of  disease:  in  the  creation  of  institutes 
devoted  to  the  furtherance  of  medical  knowledge,  and  in  endow- 
ments of  uuivernities  to  the  same  end. 

A  brief  glanee  at  some  of  the  more  important  (periods  in  medical 
hietory  will  enable  us  to  trace  the  inHuencc  and  the  results  of  the 
two  methods  by  which  knowledge  has  been  sought.  The  history 
of  medicine  begins  with  Hippoerates.  Before  hiin  there  were  only 
superstition  and  tradition  without  syatcmntic  obaorvaiion  and 
description.  lie  described  accurately  the  results  of  his  study  of  the 
phenomena  of  disease,  clasBificd  the  phenomena,  and  haxed  his 
methods  of  treatment  on  his  observations.  Tlie  influence  of  Greek 
philosophy  nuide  him  attempt  to  explain  the  phenomena,  by  the 
assumption  of  a  force  residing  in  and  prcRiding  over  the  body.  The 
cOQtemporariea  and  euocessors  of  Hippocrates  who  regarded  him 
as  a  god,  and  his  conclusions  iis  imfailiiig  axioms,  entirely  neglected 
the  inelhods  by  whteh  he  arrived  at  them.  It  must  ever  remain  a 
source  of  wonder  that  the  light  which  burst  upon  medicine  with  the 
advent  of  Hippocrat'CS  should  so  soon  have  passed  into  darkness. 
The  Greoks  choae  rather  to  speculate  on  the  meaning  of  phenomena 
than  to  investigate  tbem.  Galen,  next  to  Hippocrates,  had  the 
greatest  influence  on  medicine,  an  Influeuro  which  was  dominant 
for  more  than  1300  years.  Galen  mastered  all  the  knowledge  and 
traditions  of  medicine  at  hia  time  and  made  impoi'tant  contributions 
to  anatomy  and  physiology.  He  was  the  first  to  introduce  the 
experimental  method  into  medicine,  and  gave  &  firm  foundation 
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to  Derve  physiology  by  observing  the  paralysia  of  certain  muscles 
after  sectioo  of  the  nerves.  A  voluminoua  writer  &8  well  as  invest!- 
gator,  Gulen  created  a  complete  8>'8tem  of  medicine  which  remained 
as  authority  until  men  became  bold  enough  to  throw  over  authority 
when  it  did  not  conform  with  what  could  be  le-jimed  from  investi- 
gation. Tbe  fiiaguatioQ  and  decline  iu  medicine  which  followed 
GaJen  and  continued  during  the  Middle  Ages  was  due  to  the  dom- 
inance of  a  dogmatic  religion  in  lands  in  which  the  general  culture 
of  the  people  should  have  gi^'cn  the  conditions  for  knowledge  to 
increase.  The  Cturch  regarded  its  dogma  as  sufficient,  and  all 
tD<)uir>*,  all  free  activity  of  [nen's  minds  were  prohibited.  Dogma 
based  on  supposed  revelation  BuHiced.  There  was  some  attempt  at 
progress  made  by  the  AriibianH,  but  thctr  most  important  contri- 
bution was  the  preservation  of  the  old  leaminj.  Kvcn  the  period 
of  the  Renaissance  passed  with  little  or  no  influence  on  medicine, 
for  mental  activity  was  turned  excluaivcly  into  channels  in  which 
dogma  could  not  be  disturbed. 

Three  circumstances  served  to  bring  about  a  new  era  io  the  pro- 
gtttm  of  knowledge  in  which  medicine  shnred.  The  discovery  of  the 
art  of  printinE  by  which  knowledge  became  more  dififueed  and  more 
exact  by  the  substitution  of  record  for  tradition,  the  discovery  of 
America,  with  the  stimulation  which  tliiB  gave  to  thought  and 
imagination,  and  the  Reformation,  which  gave  freedom  to  thought. 
removed  the  weight  of  authority,  and  allowed  investigation-  The 
reform  in  medicine  was  introdueod  in  Rurope  by  Pararelaus,  whodo 
work  waa  chiefly  thft  overthrow  of  the  Galen  system,  which  had 
sufficed  and  under  which  investigation  waa  not  possible.  Progress 
in  the  new  reform  wa.t  more  active  in  England  than  in  the  land  of 
ita  birth.  This  was  due  to  the  freedom  from  war.  the  greater  freedom 
of  the  people  in  all  ways,  and  to  the  work  of  Francis  Bacon,  who  for 
the  first  time  showed  clearly  the  methods  by  which  knowledge 
must  be  sought.  With  few  exceptions.  English  medicine  has  remained 
true  to  the  precept  of  Bacon,  that  knowledge  increases  by  the 
obserx'ations  of  things  with  the  proper  utilization  of  past  observa- 
tions, Thtte  has  been  an  almost  continuous  line  of  great  phynicians 
in  England  who  have  enriched  medical  knowledge  by  investigation 
and  who  remained  free  from  speculation.  The  contributions  which 
•Uch  men  as  Harvej',  Sydenham,  Hunter,  and  Bright  have  made, 
leroain  and  have  served  as  bases  from  which  knowledge  ho.^  groun. 
The  theories  which  were  founded  upon  their  work  have  passed  with- 
out influence.  That  there  came  a  time  in  England  when  medical 
investigation  was  greatly  surpassed  in  other  countries,  is  to  be  attri- 
buted lo  the  introduction  of  methods  of  investigation  which  could 
not  be  utilised  in  Englnml.  It  was  the  introduction  of  the  Ubora- 
torj-  with  the  facUities  for  and  the  syetematization  of  medical  investi- 
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gation  which  gave  medicine  in  Europe  its  ascendency.  Young  men 
at  an  age  when  authority  has  the  least  weight,  and  before  there 
wuBopponunily  given  them  for  tlie  iii\'estigfttion  of  the  clinical  phe- 
nomena of  dieeuse,  found  in  tlie  laboratory  opportunity  for  invea- 
tigfttion.  and  had  small  questions  placed  before  them  which  could 
be  solved.  The  laboratory  gave  the  workers  scientific  methodB  which 
formed  ihe  baais,  and  gave  the  direction  of  further  work  in  tho 
clinic.  With  the  laboratory  came  also  a  divtRion  of  labor,  which 
allowed  certain  men  to  devote  their  time  to  investigation  and 
toaching,  Ambition  was  stimulated,  for  advance  and  the  further 
career  wast  made  dependent  upon  the  ability  for  investigation. 

It  is  interesting  to  fnlloir  a  wave  of  speculation  in  medicine  which 
reached  it»  acme  in  Germany  in  the  early  part  of  the  nineteenth 
century.  In  the  period  following  the  Reformation  the  most  striking 
figure  ill  medicine  was  Albrecht  v.  Hnller,  a  man  who  as  investigator 
and  clear  thinker  hiia  been  equaled  by  few.  Haller  rccogniaifd  the 
important  fact  that  life  was  a  proi)erty  inherent  in  the  tissues  and 
manifested  itself  by  sensation  and  mo\'ement.  On  the  work  of  Haller 
is  founded  the  system  of  Brown,  who  though  u  Scotehman  can  be 
regarded  as  the  fopeninner  of  the  German  Natur-philoaophie  in 
medicine.  The  system  of  Brown  is  foimded  on  the  principle,  which 
he  atatce  clearly,  thai  the  living  animal  body  is  diatioguitjUed  from 
the  dead  and  from  ulllifclMs  mutter  by  the  capacity  for  excitation  by 
external  inHuencen.  The  difference  between  health  and  dLseaxe  hes 
in  the  degree  of  irritability  of  the  tissues.  He  divided  disease  into 
the  sthenic  and  asthenic  types,  uc>curding  to  the  degree  of  irritability 
developed  by  the  excitant,  and  the  treatment  of  disease  waH  ba.sed 
on  thiR.  Ill  the  hands  of  Brown's  pupils  and  successors  treatment 
of  disej^sc  was  productive  of  grent  harm.  The  thecry  of  Brown 
found  ready  acceptance  in  Germany,  not  only  by  physicians  but  by 
a  group  of  men  who  sought  to  explain  nature  by  the  creation  of  laws. 
The  law  once  made  was  regarded  as  more  correct  than  tlie  observa- 
tion. Schelling,  who  waa  the  foremost  figure  in  this  philoHOphy, 
sought  to  give  a  representation  of  all  the  phenomena  in  nature,  to 
develop  the  interrelation  of  the  phenomena,  to  show  the  action  of 
natural  laws  in  all  bodies,  and  believed  that  these  laws  originated  in 
a  common  point  and  were  characterized  as  an  advancing  series  of 
higher  phages  of  development  of  matter.  Not  only  wa.s  it  impossible 
to  construct  a  system  of  the  world  from  the  knowledge  of  nature 
at  that  time,  and  it  probably  never  will  be  pnstdhtc,  but  Schelling 
very  imperfectly  utilized  what  knowledge  there  was.  This  Naiur- 
philo8opkte  dominated  medicine  in  Germany  during  the  first  quarter 
of  the  nineteenth  century.  It  is  expressed  to  a  greater  or  loss  extent 
ill  all  medical  writing.  The  most  gifted  men  could  not  entirely 
withdraw  from  its  influence.    Medicine  vu  not  a  science  following 
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tbe   methods  of  obwrvation    and   experiment,   investigation   was 

ibauuhed  from  lltc  clinic  and  la)>oratory  and  found  its  place  at  the 
writing-desk.  Uartmaan  nays  that  one  reason  why  the  Naiw-pMloto- 
phit  found  such  ready  acceptance  watt  the  ease  with  which  it  was 

»posaible  by  its  aid  to  become  famous  ae  a  wTiter.  Tlie  young  phy- 
sirian  found  it  no  longer  neccMary  to  bccumc  acquainted  with  the 
material  ft>r  study  by  toilsome  investiKation ;  he  only  needed  the 
philn«^)pltic  forms  of  cxpreeeion  and  could  apply  these  to  what  he 
knew  or  did  not  know  of  medicine.  Many  systviiw  of  m<-dicint!  were 
founded  which  purported  to  fiive  a  complete  explanation  of  all  tbe 
phenomena  of  disease.  Of  all  these  systems,  the  one  which  has 
endured  the  longest  wa«  almost  thd  moat  fantastic  in  iti«  structure. 
The  succeas  of  the  system  of  Hahnemann  or  homeopathy  is,  in  the 
first  place,  due  to  the  fact  that  under  it  the  treatment  of  disease 
reprei*nted  a  great  advance  as  compared  with  treftlnwrnt  under  ibc 
systems  of  Bro^-n  and  Rasori.    However  isealous  the  exponents  of  a 

I  intern  may  be.  it  will  find  its  cnndemnatinn  from  thnae  who  suffer 
moM  from  it.  The  8>-8tem  as  pre.'tentcd  by  Halineniann  wbs  com- 
plete; it  offered  names  and  seeming  explanationa  for  all  conditions. 
The  pmrtice  of  the  meriifnl  art  under  the  system  was  easy  and 
involved  no  toititomc  invesligalions.  It  was  put  forth  at  an  early 
period  of  the  NatuT-phHoiopkie  and  wiw  carried  upward  on  the 
tidal  wave  which  swept  through  Germany.  It  at  once  found  great 
favor  with  t.he  people  and  was  taken  up  by  great  numbers  of  phy- 

Isidans.  In  tbe  course  of  time  the'  adherents  of  the  system  have 
become  divided  into  three  camps.  In  one  its  principles  \\&w:  been 
extemied  far  I>eyond  the  conception  of  Hahnemann,  in  that  the 
products  of  disease  have  been  used  as  remedial  agents;  a  second 
have  remained  true  to  the  principles  of  the  founder;  and  a  third, 
rompriai[kg  a  large  numlwr  of  intelligent  physicians,  hold  only  to  the 
name.  L'nder  the  Natur-phthtopkie.  combinations  between  religion 
and  medicine  aroae  and  a  aysteni,  which  represented  a  return  to 
medieval  raysticiem,  was  formed  by  Windischmann  and  Ringscis. 
In  this  it  was  taught  that  the  causes  of  (^»ea«e  are  immaterial  and 
not  to  be  sought  for,  aince  disease  merely  represents  dixcord  between 
body  aod  eoui. 

Such  «  remarkable  phenomenon  »«  the  dominance  of  the  specula- 
tkin  which  was  a  part  of  the  NtiluT-phUomphit  must  be  regarded 
as  a  part  of  the  romantic  movement  which  swept  through  Germany 
and  found  its  chief  expression  in  poetr>'.  All  barriers  to  idealism 
Ukd  Afiecnlalion  \^~(>re  cast  aside.  The  movement  was  a  part  of  the 
awakening  of  Germany  to  a  new  national  life.  The  great  questions 
of  the  time  involving  political  liberty  and  even  national  existence 
were  alisorbing.  Under  such  circumstances  oiUy  a  few  ccrnld  turn 
from  tbe  pressure  of  such  large  questions  to  the  narrow  ticld  of 
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Kientific  investigation.  It  is  remarkable  that  the  great  awakening 
in  Friince  which  preceded  it  should  have  been  characterized  by  the 
opposite  tendenciea.  During  this  period  of  speculation  in  Germany 
valuable  contributions  to  kuowledge  «-ere  continually  being  made 
in  anatomy  «ud  j^hysiolog)-.  The  chief  exponents  of  the  t^otar- 
paioBoj^ir  were  physicians  who  had  to  do  with  the  clinical  phe- 
nomena of  disease.  Speculation  was  fostered  because  the  n>etbods 
of  gaining  inforuuitiou  from  the  study  of  disease  were  at  tbc  lime 
no  meager  that  obeerx-ation  was  restricted.  So  confirmed  was  the 
habit  of  speculation  that  each  new  discovery  in  anatomy  and  physi- 
o]og>-,  instead  of  serving  as  a  basis  for  uivcstigation,  became  food 
for  new  speculation. 

It  is  possible  to  see  the  influence  of  the  Natur-phitotophie  on  its 
greatept  opponent,  Rudolf  Yin-how.  No  one  more  clearly  laid  down 
the  methods  of  scientific  investigation  than  did  Virchow  in  the 
opening  articles  of  his  Archive.  He  was  a  bom  investigator  nnd 
made  valuable  conlribulions  to  knowledge  in  every  department 
of  medicine.  The  protocols  of  his  autopsies  arc  modcia  of  full  and 
accurate  descriptions  of  observotions.  He  made  important  additions 
to  the  lechnic  and  methods  of  work  by  (lie  use  of  which  new  know- 
ledge «sa  gained.  He  wm;  a  great  teacher  as  well  as  invcetigator, 
end  men  trained  in  his  methods  are  among  the  most  famous  in 
medicine. 

It  ia  difficult  to  find  in  the  history  of  modem  medicine  any  ono 
who  can  be  compared  with  Virchow  in  the  contributions  made  to 
medical  knowledge  and  the  influence  which  he  exerted.  He  sub- 
stituted for  tbc  ontologic  conception  of  disease,  which  was  prtvalent 
in  Germany  at  that  time,  the  conception  which  we  adopt-  to-day, 
that  it  consists  iu  life  under  altered  conditions.  This  is  not  an 
cxplanuiion,  but  a  aimpEc  way  of  rotating  the  eunimution  of  the 
moflt  obvioufi  phenomena.  He  created  the  cell  theory  of  diaease, 
which,  though  it  represcoled  an  enormous  advance  over  prevalent 
theoriea  nnd  has  been  most  t^tiuiulating  to  investigation,  i-an  no 
more  be  held  in  its  entirety  as  Tirchow  gave  it  than  any  of  the 
systems  it  supplanted.  Vnlike  the  other  systems,  it  did  not  pretend 
to  be  ull-snl  isfying  and  nll-expliiining.  The  cell  theory  of  disease 
should  he  regarded  as  an  hypothesis  fully  justiSod  in  being  formed 
from  the  knowledge  nt  that  time  available.  In  Virchow's  theor>'  of 
inflammatii'iii  wc  gee  the  gieat  value  of  an  hypothesis  which,  though 
gradually  proved  incorrect  by  continued  obBcrvations,  has  been 
moat  Hiimidating  to  investigation.  It  is  interesting  to  see  the  con- 
tention which  has  been  excited  by  theory.  N"o  one  contends  for  the 
aeeoptanec  of  an  observation,  but  is  content  to  leave  this  for  time, 
but  the  contention  is  for  the  cnnreption  based  on  the  ob»er\'ation 
and  the  theory  formed  from  the  conceptions.    Virchow  properly 
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opposed  tbe  ontologic  conception  of  disease,  but  this  led  him  also 
to  oppose  tbc  proof  given  thai  certain  diseanes  which  he  regarded 
BS  due  to  the  action  of  general  causes,  were  due  to  purasiten,  Virchow 
appeared  in  medicine  at  the  time  when  Natur-philosophie,  tliough 
seeniiDgly  dominant  in  Gennany,  wae  realty  far  advanced  in  decline, 
and  his  mighty  blows  were  delivered  ngainitt  »  fet^ble  body.  It  was 
the  knowledge  of  French  aud  English  medicine,  where  the  advance 
bad  been  by  investigation,  the  incn^afic  in  knowlcdKc  in  all  the  nat- 
oral  science!)  giving  too  much  to  be  covered  l>y  any  system,  which 
gave  the  denth-blovr  to  this  period  of  speculation  iu  medicine. 

It  ia  poaaible  now  to  sec  the  efTcct  of  this  period  of  unrestricted 
imagiiiatian  on  medicine.  It  i»  true  that  it  inhibited  progrei^s,  by 
testricting  observatioti  and  experiment,  that  it  substituted  theory 
for  knowleclEc,  and  found  satisfaction  in  empty  phrases  and  jug- 
gling with  terms.  But  it  gave  birth  to  fruitful  stimulation,  and 
opened  wide  and  distant  \istas  which  science  hag  utilised.  The 
excitation  of  the  imaxinatiun,  proviili-d  the  imagination  be  con- 
trolled and  theories  be  recognized  as  theories,  is  most  useful  in 
Reicncc.  Without  the  iinsginBtion,  without  the  tendency  to  seek 
for  explanations  of  phenomena,  there  would  be  no  progress.  There 
U  only  danger  in  the  failure  to  recognize  the  true  relation  of  th<? 
hypothesis  and  in  attempting  to  progress  by  adding  hypotheses. 
There  wax  hut  little  progress  in  the  period,  but  progress  resulted 
from  tlie  Btimulation  which  the  period  gave,  and  from  the  reuction 
which  followed  it.  Although  as  playing  a  great  part  and  affecting 
an  entire  people,  such  a  movement  has  passed  and  will  probably 
not  return,  we  constantly  see  the  same  tendencies.  The  medical 
systems,  often  conneeted  with  religion,  which  are  cnn.ftanUy  arising 
in  alt  countriea,  and  especially  in  this,  the  attempt  to  form  theories 
in  explanation  of  the  unknown,  are  due  t'O  the  uitmc  mental  states 
which  produced  the  Nalur-pkiloBophir.  They  ariwe,  haTO  a  ready 
following  composed  of  birds  of  pitssage  resting  temporarily  on  any 
bough  pnjvidcd.  and  disapiiear  withoiit  rniiking  nny  rciil  iiiipre!*!*ion. 
How  completely  the  period  of  the  Natur-pkihsopMe  has  passed  in 
the  country  of  the  creation  is  seen  in  the  hii^tnrj-  of  medicine  in 
Germany  for  the  l.iM  fifty  years.  By  the  adoption  of  Scientific 
methods,  by  the  foetering  influenee  of  the  government,  which  pro- 
vided ficilities  for  research,  and  by  h  system  which  gave  reward  for 
iave«it(;ation,  Germnny  has  become  the  leader  of  the  world. 

At  no  time  in  the  world's  history  was  there  such  rapid  advance, 
(luch  a  complete  transformation  in  methods,  such  an  array  nf  great 
men  in  all  the  departments  o(  medicine  as  in  France,  following  the 
Revolution.  The  foremost  of  the  men  in  this  school  in  France  wna 
Biehat.     He  undertook  the  gigantic  task  of  creating  for  medicine 

olid  foundation  derived  from  the  study  of  objects  and  from  ex- 
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pcrimciits.  H«  <;nrrio(l  tlie  imnluniic  »tudy  of  disease  further  than 
ever  before,  endeavuriiiK  to  ascertain  iiol  only  the  letUons  in  the 
organs,  but  in  the  tiesiies  which  compose  them.  The  relation  lie- 
tw«en  the  nnittcjiiiic  le:«i<>[i»  nnd  diitordcnt  of  function  iie  »ny»  must 
be  studied  Ijy  experiment.  The  work  of  Magendio  in  physiology 
was  hardly  less  important  than  that  of  Uichat  in  patholng)\  Phy- 
niologj-  hud  siifferftd  from  the  theory  of  vital  force  which  u»  u  siieming 
explanation  wei(;hed  upon  it  as  an  Jncubutt,  opposing  inveatij^tion. 
He  claimed  for  phyMology  the  same  methods  ns  iu  physics  and 
chemistry,  saying  that  the  cnrpfvUly  conducted  exjicrinient  is  alone 
decisive  in  testing  the  conclusions  formed  from  ohsen'ation  of  phe- 
nomena. The  work  of  Mafjendie  hud  full  recognition  in  France, 
nnd  he  was  foUowod  by  Claude  Bernard  and  Brown-Sequiird,  who 
further  de\*eloped  his  mcthodB.  Corvisart.  AndraJ.  Louia.  Rayer, 
and  Cnivilhier  were  among  the  nio.st  brilliant  men  in  the  new  school 
which  was  founded  by  Bichat  and  Magendie.  Con-ir^mt  and  L.tcnnec 
d«servc  especial  mention  in  that  the  former  brought  to  general 
knowledne  the  method  of  jiercussion  of  Auenbnijjger,  which  had 
been  forgotten,  and  the  latter  introduced  and  further  developed  the 
method  of  auscultation. 

Id  the  advance  of  ncience  new  technical  methods  of  investigatioa 
play  a  moat  important  rWe.  The  technical  method  enables  the 
obecTvation  to  extend  further  and  more  deeply.  Virchow  has  sud" 
thnt  the  introduction  of  the  microscope  into  medical  research  en-l 
abled  lis  to  approach  several  hundred  times  nearer  di^ase  than 
before.  The  microscope  introduced  a  new  era  in  the  study  of  disease; 
it  came  into  senenil  use  when  the  study  of  RroSK  piithology  in  the 
abeence  of  new  questions  had  ainioet  reached  its  limit.  It  gave  more 
correct  iileas  of  dittease  by  increii*ing  the  powers  of  <)bser\'ation;  it 
overthrew  at  once  many  theories  and  gave  new  points  of  view  and 
new  queBtions.  from  which  further  observation  could  proceed. 
Kvery  improvement  in  the  microscoiie  by  which  itj!  efficiency  is 
increased  has  the  same  influence.  The  knowledge  of  the  influence 
of  bacteria  in  disease  is  due,  in  the  first  instance,  to  the  improve- 
ment of  the  microscope,  and  in  the  second,  to  the  discovery  by 
Koeh  of  methods  of  cultivation,  by  means  of  which  the  individual 
siwcics  can  be  studied.  Until  this  was  possible  our  knowledge  of 
bacteria  was  inexact  and  their  causative  relnlion  to  disease  only 
an  hypothesis.  The  dcTOlopmont  of  knowledge  of  the  minute  struc- 
ture of  cells  and  tittsueti  is  principally  due  to  the  use  of  methods  of 
staining,  which  started  n'ith  the  simple  carmin  stain  of  Oerlach.  In 
clinical  medicine  the  introduction  of  the  microscope,  tho  thermo- 
meter, the  methods  of  chcmic  invcirtiKation,  the  blond-counter,  the 
Rontgen  ray,  have  all  led  to  a  closer  insight  into  disease  and  the 
substitution  of  knowledge  for  conjecture.  There  is  a  further  indirect 
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kdvantage  which  comes  from  the  use  of  uistmnients  of  precision  in 
investigating  pUt-nomeaa,  in  thut  che  continued  use  of  the  iDethocU, 
ibe  const  Hnl  »t-i;king  for  exact  knowledge  of  conditions  removes  the 
tendency  toward  speculation. 

The  brilUaot  results  which  have  been  reached  iu  surgery,  changing 
this  fniin  the  moat  despised  to  the  leudiug  branch  of  nic«hcine,  show 
the  advantage  of  methods  which  are  founded  on  knowledjje.  Surgery 
was  despised  in  the  period  in  medicine  in  which  speculation  was  in 
the  ascendency,  when  the  answera  to  its  problems  were  iwught  in 
the  study  rather  than  at  the  bedside  and  in  the  laboratory.  The  art 
of  surgery  has  liccn  dc))t'n<Ient  upon  direct  ub0cn*atioQ  of  diaeaee, 
and  its  remedial  measures  wera  applied  to  the  di.'iease  aa  revealed 
by  ieiwe-impressions.  Theories  and  systems  in  medicine  have  come 
ralhcr  from  internal  medicine,  in  which  field  the  diseased  conditions 
were  not  so  susceptible  to  study  as  things.  The  broken  leg,  howev-er, 
is  revealed  by  sight  and  toueh,  the  tumor  is  an  object.  Moreover, 
llie  tmiriinK  in  the  unutomic  and  other  laboratories  so  essential  for 
a  mrgeon,  gave  the  knowledge  and  the  methods,  and  the  manual 
skill  to  make  them  effective.  At  an  early  period  surgery  had  n- 
cnurBe  to  animal  expcrinicntalion,  for  the  aniiiml  body  uffrred  the 
Kadtest  means  for  testing  new  devices.  In  surgerj-  new  knowledge 
has  be«n  readily  accepted  and  utilized.  The  demonstration  of 
aneatheaa  came  firet  from  the  surgeon,  and  the  aurgcun  wan  the 
first  to  accept  and  apply  the  knowledge  that  infection  itt  due  to  the 
aetioo  of  living  organinns.  By  the  use  of  anesthesia  and  of  measures 
of  preventing  infei-tion.  surgery  has  been  extended  into  fields  tor- 
inerly  suppog«fd  not  to  be  open  to  the  cx^crcisc  of  its  art.  Medicine 
owe*  a  debt  to  surgery  for  not  only  what  it  ha.1  accomplished,  but 
for  holding  to  proper  methods  and  demnnsl rating  (heir  im|H)r1ancc. 
The  less  advance  in  modoii)  uf  treating  di^vi^e  whivh  internal  medi- 
etne  has  made,  compared  with  that  made  in  surgerj',  is  to  be  attii- 
buted  to  the  diiTicnlty  of  obtaining  definite  knowledge  of  the  con- 
ditioQS  nf  diseiu!«  in  internal  orgiiii:<. 

That  the  lack  of  power  ia  due  primarily  to  lack  of  knowledge 
a  sfaown  by  the  fact  that  for  diphtheria,  formerly  one  of  the  most 
drcwled.  now  probiibly  the  best -known  of  di.Hea-«eit,  there  i»  a  remedy 
which  Iea\'e8  little  to  be  desired.  The  production  of  antitoxin  ia  the 
greatest  triumph  of  scientific  medicine  and  Is  due  to  knowledge 
obtained  by  the  application  of  scientific  methods  to  the  study  of 
a  disease  which  gave  unusual  opportunities  for  investigation.  It 
paints  out  what  may  be  arromplished  in  the  future  by  not,  seeking 
for  analogies  Intwtren  other  diiwaseti  and  diphtheria,  but  by  jnirsuing 
the  came  methods.  Modem  therapeuf  ios  is  guided  by  two  principles 
in  each  of  which  efFtrienry  in  dependent  upon  knnwIeciRe  of  di.vaee. 
Id  the  most  important,  the  remedial  agent  has  a  specific  action  on 
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the  cause  of  Jiaeiwe,  eilhcr  dcatroying  it  or  opposing  its  action.  In 
the  seconii,  the  remedial  agents  are  used  not  with  the  view  of  exert- 
ing any  speeific  «ction  ngoinst  the  cnuse  t>f  disease,  nor  even  in  assist- 
ing in  the  rcstorfttion  of  the  tisaxie  which  has  been  injurcil,  but 
with  the  view  of  restoring  function.  Any  agont  noting  as  a  cause  of 
disease  producw  injury  of  the  tissue,  and  the  effect  of  this  ia  (iltcm- 
lion,  or  Jiimnulion,  or  destruction  of  function.  There  is  a  close  in- 
terrelation of  function,  that  of  ono  organ  depending  upon  the  others. 
The  effpcl  of  the  6lt*riition  of  function  is  seen  in  the  aupervcnrion  of 
phenomena,  which  differ  from  the  ordinary.  The  effect  of  impaired 
function  m»y  be  remedied  by  supplying  the  body  with  some  sub- 
gtancft  wliioh  waa  formed  by  the  impaired  organ.  Subfllftncos  dircvtly 
derived  from  glands  in  the  animnl  body,  such  as  thyroid  and  pancre- 
atic extract,  may  be  siipplicd.  Or  the  functional  activity  of  an 
organ  may  I)e  increa-fed  by  direct  atiniuiation  or  increasing  its  blood 
supply.  Or  the  function  of  some  other  organ  nearly  related  to  the 
organ  aScctcd  may,  by  iDcreascd  function,  bo  eaueed  to  supply  the 
deficiency. 

Tlicrapeutica  acts  either  as  a  guard  against,  or  as  a  caretaker 
of  the  body  in  diHcaMc.  Its  greatest  triumphs  arc  in  prevention. 
When  the  injury  has  once  been  produced,  its  effecis  are  minimized 
by  the  capacity  of  llie  body  to  adopt  itself  to  new  conditions.  There 
is  a  third  uhc  of  therapeutics  in  the  case  in  which  the  discaw  pro- 
duces ito  much  pain  and  discomfort  that  the  remedial  agent  is  uaed 
for  the  purpose  of  dinunishing  the  effect  of  sense-impression  on  the 
central  nervous  system.  It  is  clear  how  complicated  the  questions 
are,  and  how  much  greater  ia  the  task  presented  to  the  physician 
than  to  the  surgeon.  The  surgeon  acts  directly,  either  adjusting 
parts  which  are  deranged  or  by  removing  tissue  which  ia  diseased. 
The  study  of  medical  literature  shows  the  mistakes  and  follies 
which  have  been  and  are  being  perpetrated  in  therapeutics.  The 
more  obscure  the  disease,  the  greater  the  number  of  remedies ;  the 
more  ignorant  the  practitioner  the  more  confidence  that  certain 
drugs  will  act  as  remedies  in  all  diseases.  Each  year  has  served  to 
dist&rd  some  remedy  considered  infallible  and  to  substitute  for 
it  another  equally  infallible.  The  discontent  of  the  general  public 
with  such  therapeutics  is  shown  in  the  succesa  of  charlatan!)  who 
advertise  nostrums  for  the  cure  of  all  diseases.  It  is  just  as  easy 
for  them  to  obtain  certificates  of  cure«  by  the  nostnmis  as  it  is  for 
the  practitioner  to  become  convinced  of  cures  effected  by  certain 
favorite  drugs. 

The  greater  knowledge  of  the  iiifeetious  diseases  which  has  eome 
vith  their  evperimental  study  has  especially  served  to  place  thera- 
peutics upon  a  proper  basis.  It  has  become  apparent  that  many 
diaeaeee  are  eelf-limit«d  and  bend  to  recover  under  any  treatment, 
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proviUed  this  be  cot  too  iojurious,  antl  that  the  medical  art  can  bo 
mora  successfully  exerted  in  preventing  disease  than  in  its  cure. 
The  first  efEect  of  iufrcasiHl  ItDowlcdgc  of  Uisoasc  wiis  to  produce 
ft  feeling  of  powcrlcsancBs  in  the  faco  of  it,  fcfUownd  by  &  nibiliam 
in  therapeutics  which  wob  tta  much  to  be  deplored  as  overcoiifidence, 
for  it  acted  as  a  bar  t«  progress.  This  nihilisoi  was  a  pronuuent 
fe»lure  of  the  Vienna  school  in  the  sixth  decade  of  the  piiat  century. 
The  science  of  therapeutics  as  we  find  it  to-day  is  founded  on  ex- 
perimental pharmacology  and  pathology.  In  experimental  phanna- 
eology  the  iiction  of  drugs  on  tlic  bciilttiy  animal  ia  investigated. 
It  ia  suught  to  discover  the  mode  of  entry  of  the  drug  into  the  tissues, 
the  mode  of  excretion,  the  changes  the  drug  undergoes  while  in 
ibe  body,  aud  the  changes  in  structure  and  funotion  it  producea. 
The  action  of  the  drug  may  differ  in  diflerent  animal  species,  ICnow- 
ledge  of  the  patholngy  of  diseaae  shows  in  what  part  changes  are 
produced  by  the  CAUsative  agent,  the  nature  of  the  changes,  and 
the  effect  of  these  changes  on  function.  The  detenniuiition  of  what 
is  luking  plaee  in  the  body  in  disease  is  the  most  importiint  quea- 
Uon  in  medicine  to-day.  For  its  answer  all  the  resoiircee  of  science 
musi  be  brought  t«  bear.  The  subject  ia  rendered  more  compli- 
cated by  the  fact  that  we  are  not  dealing  with  a  lixed  hut  with  a 
rariEUe  quantity,  Age.  heredity,  temperament,  and  social  en- 
viroDinent  mu«t  all  be  considered,  We  cannot  na-y.  except  with 
wide  limitations,  what  changes  and  variation  in  function  i\'ill  be 
produced  by  the  action  of  certain  conditions.  With  the  knowedgo 
of  the  effect  of  tlw  drug  on  the  iiejilthy  body,  iind  the  knowledge 
of  what  change*  are  being  produced  in  disease,  and  the  effect  of 
which  we  wi«h  to  minimize,  an  intelligent  experiment  may  he  made. 
Pre\'ious  experimentation  on  animals  should  deprive  the  experi- 
nient  of  all  danger. 

Another  change  which  has  become  apparent  is  the  greater  spe- 
rialiiatioD  not  only  lu  the  exercise  of  the  medical  art,  but  ia  in- 
vestigation. All  increase  of  knowledge  must  brin^  with  it  ^jieoiAl- 
Ization.  for  with  the  enlargement  of  the  field  comeii  the  impossi- 
bility of  its  control  by  one  individual.  Special iieation  has  both 
advantages  and  disadvuntages.  The  ndvantitge*  are.  that  inves- 
tigations arc  more  easily  carried  out  by  the  simplification  of  the 
questions  and  the  familiarity  nith  technical  methods.  Methods 
of  investigation  have  Iwcome  so  complicated  that  the  nece«sary 
skill  can  only  be  Attained  by  the  L'onslaiit  exercise  of  methods 
only  applicable  in  a  very  narrow  field,  and  an  investii;utor  of  ex- 
ceptional ability  in  one  line  of  work  may  l>e  powerless  in  another, 
man  may  profitably  devote  his  entire  energies  to  the  study  of 
the  changes  in  nerve  cells  in  disease,  or  may  confine  himself  to  the 
study  of  a  single  species  of  bacteria.     With,  the  enormous  increase 
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ID  medical  literature  there  bas  come  specialization  in  this,  and 
ccrtuiu  journals  iire  devoted  to  special  subjects  und  arc  oul)'  read 
l>y  ihosu  working  in  the  field  covered.  The  first  diit«renliiiliun  cume 
in  the  separation  of  anatomy,  physiology,  and  pathology*  from  prac 
tic»]  mediciuc,  that  in.  tho  medicine  conci'rncd  with  the  exercise 
of  the  art.  The  reparation  was  a  natural  one,  Iflr  not  only  could 
progresa  be  more  rapid,  but  the  subjects  could  be  belter  taught 
Uy  one  who  had  the  knowledge  which  canie  frcmi  his  own  invosti- 
gtttioiifi.  It  is  no  longer  possible  for  a  sinRle  individual  to  control 
the  knowlevigo  in  any  of  these  primary  subdivisions.  The  most 
obvious  drndvantage  in  specializntion  la  the  loss  of  the  more  gen- 
eral aspet't^  of  questions.  The  large  questione  liecomo  broken  up 
into  smaller,  and  the  smaller  questioas  become  leading  questions 
to  be  again  broken  tip.  It  ix  also  felt  that  the  knowledge  gained 
in  such  special  invealigations  may  not  be  of  a  elmracter  which  can 
be  utilized  in  the  treatment  of  diflcase.  But  fen*  of  the  questions 
which  arise  and  form  the  haiu.i  for  investigation  come  from  the  clinic, 
and  they  apparently  have  only  the  most  remote  relation  to  the 
probtcraa  of  difiCaM:.  The  invtwligator  very  properly  f'^ls  that  his 
investigations  are  justified,  in  that  they  form  contributions  to  general 
knowledge,  and  whether  or  not  the  results  are  directly  applicable 
to  the  treat ment  of  disease  does  not  disturb  him. 

There  was  an  error  perpetrated  in  not  giving  to  those  devoted  to 
the  study  of  the  clinical  aspect  of  disense  the  ."iame  opporlimity 
to  devote  themselves  to  research,  to  answer  the  question  wliich  came 
from  the  phenomena  of  disea^,  which  was  given  to  anatomy, 
physiology,  and  pnthologi,'.  Clinical  medicine,  the  study  of  the 
problems  of  disease  eoining  from  the  bedside,  must  have  the  same 
opportunity  and  must  advance  by  the  use  of  the  Hamc  methods  as 
physiology  and  anatomy.  Clinical  medicine  is  behind  the  special 
departments  in  the  contributions  it  hus  made  to  knowledge,  in  the 
method-s  by  which  it  seeks  to  advance,  and  in  the  efficiency  of 
teaching.  Provision  must  be  made  in  the  universities  which  will 
enable  men  in  the  clinical  departments  to  devote  themselves  to 
reeenrch  and  le«ehiag,  and  laboratories  must  l)e  provided  for  such 
research.  Only  one  who  is  himself  an  inveatigatoT  can  direct  in- 
vestigation by  recognising  and  properly  stating  the  questions.  There 
need  be  no  fear  that  the  knowledjpj  which  comes  from  investigation 
will  not  bo  utilized.  In  what  way  may  not  be  apparent  at  the  time. 
Often  knowledge  which  seemed  furthest  removed  from  utility  has 
become  the  most  important.  That  knowledge  is  power,  and  that  it 
is  the  only  power  is  nn  accepted  atiom. 

.^nat-oniy  and  physiology,  originally  arising  from  human  medi- 
cine for  the  furtherance  of  knowledge  which  could  be  applied  to 
the  treatment  of  disease  in  man.  have  long  outgro^vn  such  limita- 
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ticms.  Both  baw  become  comparative.  PhyMology  undertakes  the 
etudy  of  the  proceHites  taking  place  iii  living  t.hing»,  ntiuloiiiy  their 
(orm  and  strucluro.  The  eomparfttive  view  has  tiiore  slowly  eutcrcd 
into  palholofcy,  for  this  htm  t)ccn  more  ctooely  in  oontaet  with  rlinicul 
nedicine,  and  mostof  the  qiiettiotiR  for  investigation  have  arisen  in 
eoDnectioD  viih  the  diseases  of  man.  Diflease  is  found  incvory  living 
tlung,  ID  all  animal  and  plant  life.  The  phutioincnu  of  di»cafic  muKt. 
differ  according  to  the  conditions  peculiar  to  the  organism.  Strictly 
speaking  there  ouu  be  little  gimilarity  between  the  phenomena  of 
disUBe  in  a  plant  and  in  an  animal.  The  functions  that  arc  destroyed 
or  altered  by  disease  are  too  dissimilar.  But  this  is  not  true  when 
we  study  the  eloser  details  of  disease.  In  both,  elinnges  are  pro- 
duced  aod  the  changes  a(Tect  function.  We  can  study  unitellular 
organisms  directly  under  the  microscope,  see  the  changes  which 
are  l)eing  prodiire<l  by  injurious  conditions  mid  the  effects  nf  the 
changee.  Knowledge  derived  from  such  study  may  be  said  to  be 
iho  baiiis  of  our  conception  of  inflammation.  The  studies  of  plant 
diseoAes  have  been  almost  entirely  directed  from  the  econnmie 
Bide.  The  economic  results  which  have  come  from  this  study  by 
embling  the  prevention  of  disease  are  almost  incalculable.  General 
medicine  haA  gaitted  by  thia  fttudy  &  greater  knowledge  of  para- 
Btcs,  their  mode  of  action  and  the  means  by  which  the  organism 
It  protected  agninrt  them.  Thnt  the  knowlcdRc  hiut  been  su  rapidly 
gained  is  due  to  the  facilities  for  investigation  and  experimenta- 
tion. Flant  experimentation  has  never  given  oilense.  It  should  ■ 
be  regarded  on  the  whole  as  very  much  better  that  the  slvidy  of 
plant  disease  has  been  directed  from  the  economic  side,  for  progress 
has  been  more  rapid,  but  there  would  be  advantage  in  the  closer 
aasociatioa  of  pinot  and  animal  pathology  aud  the  extension  to 
fital  diseases  of  questions  coming  from  disease  in  man. 

Careful  study  of  diseases  in  animals  has  been  chiefly  directed 
to  the  iufectious  diseases  and  especially  to  those  artilicially  pro- 
duced. The  questions  have  been  chiefly  those  concerned  ivith  the 
parasitic  cau.<ie  of  disejine  and  the  mode  of  action  of  the  parasites. 
The  more  obscure  diseases  of  animals  have  attracted  but  little 
attention  ntid  otdy  from  the  economic  Hide.  The  phenomena  of 
disease  in  the  hiiiher  animals  have  much  Himitarity  to  the  phcnom- 
eoa  of  disease  in  man.  and  in  certain  aspects  the  diseases  of  animnls 
OK  more  capiible  <if  investigulion,  Diseases  are  found  in  ani- 
mals which  are  similar  to  the  most  ohsL-ure  diseases  in  man.  Our 
tgDoraoce  of  these  diseases  in  man  is  due  to  their  complexity  and 
tlifi  difficuHieii  of  investigation.  To  their  underxtaiidiiig  chemical 
and  phjrsical  methods  are  necessary^  and  some  of  these  methods 
cannot  be  earned  out,  for  they  may  be  harmful  to  the  individual. 
la  animals  ue  have  the  advantage   that  the  disease  can  be  inter- 
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rupt«d  nt  Any  stage  "jjrfgfJT'  coadtlioDs  studied  at  this  ata^.  We 
know  the  infectious  cEwMM  of  animald  cliieHy  by  their  experi- 
mental production.  There  has  been  but  little  study  of  these  di&- 
cjisei^  tinder  natural  conditiunit  and  much  koowlud^  cim  bo  gniacd 
by  the  mode  of.  and  oondilions  predisposint;  to,  iufecliciii.  Ques- 
t)oD8  of  heredity  have  an  important  bearing  on  disease.  The  sus- 
ceptibility of  niiinukis  tu  discfu<c  vunes.  Cununon  experience  hasi 
shown  in  man  also  that,  under  circuimtanves  apparently  the  tame, 
certain  individuals  will  acquire  diseases,  others  retnaio  exempt. 
There  is  also  foundation  for  ihe  belief  tbat  suitceptibility  for  cer- 
tain infectious  di»«aues  is  inherited  and  in  ollior  diseases  inherited 
suBceptibility  ia  bfivond  doubt.  The  most  striking  recent  discovery 
ill  medicine  !.<<  that  the  blood-serum  contains  many  complex  sub- 
staneeg.  Some  of  lUera  play  aa  important  r6le  in  the  animal  ecou- 
umy,  for  othcn;  mo  can  as  yel  discern  no  pur^Hiiit;,  nnd  our  know- 
ledge of  these  oubstances  is  chiefly  confined  to  their  efTect^,  but  it 
has  recently  been  found  possible  to  isolate  one  substance  iu  pure 
form  with  a  koown  chcmic  composition.  While  ibette  substances 
may  serve  an  important  rAle  in  protecting  the  body  against  disease 
they  may  act  in  the  opposite  way  by  providing  a  means  by  which 
itijitriouB  substances  arc  brought  in  contact  with  im;11s.  Whether 
chcmio  variation  may  not  arise,  be  inherited,  and  play  an  important 
part  in  disease  susceptibility  ie  an  important  question  to  bo  answered 
by  comparative  medicine.  For  the  purpose  of  auch  investigation 
an  animal  plinic  is  necesaary,  which  should  be  provided  with  thorough 
facilities  for  the  study  of  disease.  The  questions  for  solution  should 
come  both  from  comparative  medicine  and  from  the  clinic  of  humao 
diaeaftc. 

Comparative  medicine  is  intimately  associated  with  experimentAl 
medicine.  There  can  be  iio  contention  aa  to  the  relative  advan- 
tages of  obeervation  and  experirncnt.  The  experiment  is  only  obser- 
vation under  simple  and  known  conditions  and  supplements  obser- 
vation  under  the  more  complicated  natural  conditions.  In  the 
experimimt  it  is  poi>Hible  to  divide  questions  into  their  simpler  com- 
ponents and  make  each  the  subject  of  experiment.  In  experimentoJ 
medicine  just  as  in  the  animal  clinic,  the  questions  for  solution  should 
come  from  Ijnlh  compamtive  mcilirinc  and  the  human  clinic.  The 
most  brilliant  results  in  experimental  medicine  have  come  from  the 
study  of  the  infectious  diwnses.  Knowledge  of  these  diseases  stands 
in  direct  relation  to  the  possibility  of  their  experimental  production, 
It  is  true  that  we  have  not  been  able  to  produce  in  animals  many 
of  the  diseases  which  are  found  in  man.  Experimental  medicine 
J8  comparatively  new  and  the  number  of  animal  Bpecies  experi- 
mented up-in  has  not  been  large.  It  has  recently  been  found  possible 
to  produce  syphilis  in  the  cbimpansee  and  there  is  every  reason  to 
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hope  thftt  this  will  lead  U)  knowledge  of  the  imture  of  this  most 
obscure  dieeaac.  Questions  concerning  the  circulation  and  rcspir&- 
tioB  ID  disease  which  are  closely  related  lo  physics  will  Rnd  their 
iBgww  in  experimental  medicine.  The  opponents  of  animal  ex- 
perimentation should  remember  thiit  the  greater  our  knowledge 
of  disease  which  cornea  in  this  way,  the  further  will  disease  in  man 
be  removed  from  experiment.  Before  our  present  knowledge  of 
diphtheria,  tubcrciilosiii,  tetanus,  and  anthrax,  all  treatment  of  these 
ifiaeaaea  was  experimental.  In  certain  cases  experiments  must  be 
carried  out  in  human  beings  and  even  when  the  experiments  nuy 
have  a  fatal  termination.  Such  experiments  will  only  be  resorted 
to  when  this  forms  the  only  method  of  obtfuning  knowledge 
of  the  higher  importance,  and  the  subjects  of  the  experiment 
mast  l»c  adults  who  submit  with  full  knowledge  of  the  posaible 
conaequences.  Let  us  give  all  honor  to  the  men  who  devised  and 
the  brave  men  who  submitted  to  an  experiment,  the  knowledge 
obtained  from  which  has  placed  yellow  fever  in  the  list  of  pre- 
ventable diseases. 

There  has  been  in  the  post  too  wide  a  separation  between  the 
paWic  and  the  medical  profesaion.  Tlie  public  haji  derived  its  medical 
information  chiefly  through  the  ncwspapcra  and  the  information  so 
given  has  been  sensational  and  unreliable.  Without  correct  infor- 
mation of  the  problema  which  face  the  medical  profession  and  of  the 
methods  by  which  these  problems  are  being  solved,  neither  the  sym- 
pathy nor  cooperation  of  the  public  may  be  secured.  Active  or  passive 
opposition  may  be  encountered.  There  is  evidence  that  this  is  being 
dowly  changed.  The  medicine  of  the  romance  is  not  so  fantastic 
as  it  was  formerly.  The  general  information  in  biology,  human 
anatomy,  and  physiologj'  necessarj'  for  any  appreciation  of  medi- 
cine is  being  imparted  by  the  schools.  Many  of  the  popular  maga- 
itnea  contain  admirable  articles  on  disease,  l^e  stories  of  such 
<jiffffMP*  as  malaria  and  yelloM'  fe^-er  have  actual  fascination.  The 
medical  education  of  the  public  is  also  furlticred  by  the  work  of 
boards  of  health  in  the  control  of  infectious  diseases.  The  public  is 
ilowly  but  none  t  he  iesw  surel  y  learning  that  disease  is  not  s  mysteri- 
oofl  entity,  dwcIUug  like  a  devil  in  the  body,  to  be  driven  out  by 
the  Use  of  some  equally  mysterioua  agent,  but  a  condition  of  life 
which  ran  be  guarded  against.  The  public  is  not  slow  in  the  ap- 
preciation of  the  results  of  the  work  of  boards  of  health,  and  is 
willing  to  make  provisioa  for  their  work. 

Medical  education,  the  training  of  men  to  exercise  the  art  of 
medicine,  has  been  revolutionized  in  the  post  twenty-five  years. 
The  most  marked  change  has  been  in  the  substitution  of  objeci-etudy 
for  the  didairtie  lecture.  The  didactic  lecture  is  still  used,  though 
Dot  with  the  idea  of  imparting  knowledge,  bat  of  showing  the  in- 
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Icrrelntion  of  knowledge  coming  from  objective  teaching.  The  sue" 
ccsdful  practice  of  medicine  depends  more  Iban  ever  before  upon 
the  use  of  methods  which  give  accurate  knowledge  of  the  coa- 
dition  of  the  eick  inrti\'iduftl,  and  tTaining  in  the  exercise  of  these 
inclhoda  is  the  most  important  part  of  medical  education.  It  is 
certainly  of  importance  that  the  student  should  learn  the  structure 
of  the  body,  the  functions  of  the  different  organis,  and  the  charges 
which  organs  and  functions  undergo  iu  disease.  The  knowledge 
acquired  will  be  constantly  used  in  solving  the  problems  prcseoted 
in  the  praotice  of  medicine.  While  this  is  true,  a  great  part  of  the 
value  of  these  studies  consists  in  the  discipline  which  laboratory 
study  enforces. 

In  the  laboratory  the  student  leama  to  acquire  oonceptione  of 
objects  and  of  the  activities  taking  place  in  them,  by  means  of  sense 
imprcssiooE,  and  to  use  and  appreciate  methods  by  means  of  which 
the  field  of  investigation  is  extended.  He  learns  to  approach  pro- 
blems from  the  scientific  point  of  view,  Progress  and  suceeea  in  medi- 
cine iit  directly  dependent  upon  the  habit  of  investlgattoD.  Medi- 
cine is  not  and  probably  will  not  l^e  an  exact  science  with  de&uite 
laws,  by  the  application  of  wliich  the  exact  sequence  of  phenomena 
can  be  foretold.  Every  cubo  of  diacuse  ia  a  problem,  and  on  the 
knowledge  acquired  from  investigation  succes.iful  treatment  of  the 
individual  depends.  Science  demands  to  know,  and  methods  by 
which  knowledge  can  be  obtained  are  of  supreme  importance. 
Methods  of  obtaining  knowledge  have  been  widely  extended  in 
clinical  investigation.  Every  year  sees  the  discovery  of  new  methods. 
There  should  be,  and  with  the  forcmoBt  men  there  is,  no  distinction 
between  the  clinic  and  the  laboratory.  In  both  knowledge  is  .sought 
by  the  use  of  the  senses,  and  methods  of  investigation  have  a  su- 
preme importance.  Tlie  lahoratoiy  dtscipiiiie  can  be  given  just 
as  well  in  tho  clinic  sa  in  the  other  laboratorice,  with  the  advan- 
tage that  the  methods  of  the  clinic  are  the  methods  which  are  used 
In  the  practice  of  medicine,  and  facility  in  methods  con  only  be 
acquired  by  continual  cxcrciBC.  It  is  evident,  however,  that  the 
laboratories  and  clinics  should  only  be  conducted  by  men  who 
themselves  know  and  fully  appreciate  the  importance  of  methodfl. 
It  is  probable  that  in  the  medical  education  of  the  future  there  will 
l>e  a  restriction  ni  the  laboratory  training  in  anatomy,  physiology, 
and  pathology',  and  an  extension  of  the  training  in  the  methods 
of  the  clinical  laboratory. 
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[Pnuak  ^Mn-wg*,  T*mtvmor  oS  Mrdinm.  UnivcTBity  of  Cliicngo,  Mid  Pfuftwor  of 
llMticine  and  Dean  ot  Faculty,  Hush  Medical  OollrRe.  k  April  2,  IBM,  High- 
Itttid,  Wlaooiuiii.  ll.D.  Norltivrcal«m  Uuivcnllv  Ut-dical  School.  Ibai;  M.S- 
ibid.  1880:  Demonstrator  of  jVimlomy,  ibid.  ISSZ^i;  I^turcr  oii  Phyvical  Ma- 
gBoa*.  aid.  1883-87;  rrofcaor  of  Phrsical  Oagnosis,  ibid.  l8S7-dl:  ProfeMnr 
of  |[«dirine.i'n(f.  lgOt-98:  Profi'swr  of  M.'iliciiio,  Htmh  Hedic»l  Collf«e.l808; 
Dtta  of  Kiiciiltv,  ibid.  1900  Mi-mher  of  jUnociation  of  Anwrican  Physduu; 
AwociAtKin  of  Ajoericsn  I'ntliolngiaU;  Atnrricmi  Mi'dicn)  AMOCUition;  Olinoia 
Stela  Uodical  Soeie^;  Chicngn  Mifdicul  (MKrirly;  Chicago  I*)ithcilDgic«l  Society ; 
Chka^  Acftileiiii?  ol  Scictin-;  ChicnKo  Ncurotugical  Society;  Chicago  UtenrjT 
COub.  Editor  o4  I'tar-Sookol  Maliciru.] 

UoDEKN  mediciae  is  r  composite  of  the  knoxrledge  of  many  sci- 
ences. Tlie  lu«t  Ivrcnty-Evu  ycuis  mark  the  period  of  tliv  greatest 
evolution  of  medicine  in  its  history.  The  foundation  of  modem  medi- 
cine was  laid  by  the  labors  of  hundreds  of  earnest  workers  in  the 
field  ci  science  during  the  lost  three  ccnluhce.  Ax  &  rule  the  value 
to  modern  medicine  of  theae  pioneer  investigators  was  in  an  Jn- 
venB  ratio  to  the  length  of  the  period  which  separated  them  from 
modem  times.  EAceptionu  to  thi«  rule  are  found,  however,  even 
in  the  sexenteenth  and  eighteenth  centuries.  Indeed,  at  that  period 
when  one  considers  the  superstition,  prejudice,  mystic  belief,  magic, 
lArolog)',  dogma,  after  dogma,  and  system  after  system  wlilcb  pre- 
vailed, the  inheritance  of  the  dark  ages,  our  admiration  is  excited 
by  the  realty  great  results  of  the  work  of  some  of  the  scientists. 
Until  the  9e\-enCeenth  century,  Hippocrates,  Galen,  and  Aristotle 
were  the  authoritiea  in  medicine.  There  was  practically  no  ad- 
-  vancement  in  medicine  in  that  period  of  time.  Anatomy  and  patho- 
logy were  not  understood;  dissection  was  forbidden  by  the  clergy 
of  the  Middle  Ages,  because  it  was  considered  impious  to  muti- 
late a  form  made  in  the  image  of  God.  DiKHections  of  the  human 
body  were  practiced  to  a  limited  degree  during  the  fourteenth  and 
fifteenth  centuries,  but  the  sixteenth  century  was  marked  by  the 
birth  of  VeealiuB,  a  naturattRt,  whose  investigationt!  in  human  ana- 
tomy marked  the  beginning  of  ecienti^c  medicine. 

The  seventeenth  century  marked  the  birth  of  realism.  Galileo 
was  a  reformer  in  physios,  and  other  ticientific  men  broke  away 
from  the  superstitions  and  dogmaa  of  the  day  and  searched  for 
light  along  self-ehosen  paths.  During  the  century,  Harvey  dis* 
covered  the  circulation  of  the  blood.  Zo51o|»y  and  botany  were 
oultivat«d.  Romcr  calculated  the  velocity  of  light.  Lord  Bacon's 
brilliant  mind  shone  resplendent.  Sir  Isaac  Newton  dis<.-overed 
the  law  of  grawty.    Malpighi,  Steno.  Bartholin,  Do  Graf,  Wharton, 
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Nuck,  Bruimcr,  "Wirsung,  Pcyer,  Havere,  Cowpcr,  Sclmeider,  Hew- 
son,  Vieussens,  and  Mcrkel,  and  many  others,  diEBCcted  out  ever- 
lasting monuments  of  their  geniuin  and  skill.  Uooke  iatroduced 
tho  term  "cell,"  and  the  cell-doctrine  was  founded  by  Malpighi 
and  Grew.  Linnaeus,  Kant,  Richelieu,  Maziuin,  Molidrc,  Bach, 
Uayden,  Ueethoven,  and  Goethe  were  contemporaries  of  these 
bther  great  men.  Pcruviau  bark  was  introduced  iuto  Spain  during 
this  period. 

The  eighteenth  century,  called  the  golden  age  of  medicine,  wit- 
aeeaed  a  continuation  of  the  oooBtnictive  and  realistic  work  of  the 
previous  centur}'.  Pathologic  anatomy  was  bom,  and  in  the  pcreon 
of  Morgagni  received  an  impetus  which  gave  it  everlasting  life. 
John  Hunter,  Bailiie  and  Home  in  England ,  and  Bicbat  in  France 
were  worthy  successors  of  Morgagni.  In  this  century  Leopold  Aven- 
brugger,  the  discoverer  of  percussion  a^  a  means  of  diagnosis  of  the 
diaeaws  of  lai^e  organs  of  the  body,  introduced  the  method  in  clin- 
ical investigation.  Haller  originated  experimental  physiology.  An 
ambulatory  clinic  was  inaugurated  at  Prague  in  1745,  and  the  first 
clinical  institute  was  founded  at  Vienna  in  1754  by  Van  Swieten. 
Preventive  inoculation  ogahisb  small-pox  was  performed,  a  method 
of  protection  against  variola  which  was  practiced  by  the  Chinese 
a  thousand  years  before  Christ.  The  most  notable  event  of  that 
period  occurred  at  the  close  of  the  century  with  the  discover^',  by 
Edward  Jenner,  of  vaccination  as  a  protection  against  small-pox. 

The  period  marked  by  the  first  seventy-five  years  of  the  nineteentli 
century  was  but  a  cootlauation  of  the  tendencies  of  the  preceding 
period.  The  watchword  of  medicine  was  pathological  anatomy 
and  diagnosis  —  the  so'-called  scientific  or  exact  medicine.  This 
tendency  to  leaMitTn  w&s  modified  to  some  degree  by  the  philosophio 
tenchingofSchelting,Hart.man,  Spencer,  Haeckel.Hagel,  and  others. 
Pathologic  anatomy  found  brilliant  exponents  in  Bretooneau, 
Corvisart,  Bright,  Rokitansky,  Louis  Magendie,  and  many  othere. 
The  practical  salutary  effect  of  pathology  upon  practical  medi- 
cine was  evinced  by  the  epoch-making  clinical  observations  of 
Addison,  Graves,  Cheyne,  William  Stokes,  Trousseau,  Wunderlioh, 
Ziemmsen,  Corrigan,  and  others,  Notable  was  the  advancement 
made  in  phyKical  exploration  in  diagnosis.  Avenbrugger's  inven- 
tion of  percussion  was  extended  by  the  translation  of  his  book  and 
the  adoption  and  improvement  of  the  method  of  percussion  by 
Corvisart. 

In  IS15,  Laennec  invented  the  stethoscope.  Skoda  developed 
both  percussion  and  auscultation  and  published  hia  famous  work 
on  these  subjects  in  1839.  Thu«  in  medicine  we  find  that,  e%'en  in 
that  early  day,  the  pathologist  and  the  clinician  taught  that  by 
the  aid  of  its  special  senses  and  by  tho  microscope  and  instruments 
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of  pceeision  the  diagnosis  could  be  made  nith  a  dofiuitcnese,  im- 
porable  by  the  use  of  the  svmptoms  alone. 

The  epoch- matting  work  of  Johannes  Mueller  in  embryology  and 
physiolog)'  marked  the  bvgioning  of  modem  physiology,  and  this, 
with  the  unpurulellcd  activily  of  Virchow  in  patholo^,  rmultcd 
in  an  enormous  development  of  soientiBc  observation  and  product- 
iveDesB. 

Corresponding  activity  marked  the  work  in  the  Bcicncfis  of  chem- 
istry, zoology',  comparative  and  human  anatomy,  physics,  botany, 
and  general  biology'.  The  development  of  the  microscope  gave 
impetus  to  the  study  of  the  lower  forma  of  life.  In  1838,  Ehrcn- 
berg  regarded  infusoria  as  animals.  In  1852,  Perty  claimed  that 
most  infuaoria  should  be  assigned  to  the  v^etable  mirld.  Cohn 
proved  the  correctnetis  of  this  conclusion  and  perfected  a  classi- 
fication. In  1S37,  Qassi  disco\'ered  the  paro&ltic  nature  of  silk-worm 
disease.  The  parasitic  form  of  favus  and  thrush  was  proved  by 
Scboenlein  and  Nagel  respectively.  Dovaine  recognized  the  anthrax 
bacillus  in  1850.  In  1857,  Pasteur  demonstrated  that  fermcnta- 
tioa  and  putrefaction  were  caused  by  lower  organisms  and  at  the 
name  time  forever  set  at  rest  the  superstition  of  spontaneous  gener- 
ation. Obcnnuyer  recognized  the  spirillum  of  relapsing  fever  lq 
1&73.  Bacteriology  became  an  exact  science  with  the  discovery  by 
Robert  Koch  of  cultural  methods  which  made  the  diffcreatiation 
of  gerwg  possible. 

The  causative  relations  of  bacteria  and  microorganisms  to  all 
infective  processes  has  been  proved  Ijy  the  laws  promulgated  by 
Koch.  Tlie  discovery  by  Brieger,  Panutn  and  others  of  the  poisons 
produced  by  bacteria  was  another  important  step  in  the  progress 
of  b»cterioU»K>-  a.*'  related  to  medicine. 

From  the  discovery  and  development  of  bacienologj",  and  especially 
through  the  brilliant  researches  of  Pasteur  and  Koch  and  of  their 
Mut]ent«,  tins  resulted  a  knowledge  which  ban  revolutionized  and 
marked  the  birth  of  modem  medicine. 


Panuika 


^Vrecogoitioaof  the  smebaof  dysentery  by  Loesch;  of  the  ray  fungi 
^m  and  especially  the  actiuomyces  as  infective  agents  in  the  lower 
animals  and  in  man  sod  the  more  exact  knowledge  of  other  ani- 
mal parasites  infecting  man  and  animals,  wtiieh  the  microscope 
bas  made  clear,  have  been  as  epoch-making  in  paraeitolog)-  as 
the  discoveries  of  Pasteur  and  Koch  in  bacteriology. 
The  recognition  of  the  relation  of  bacteria,  protozoa,  and  ani- 
parasitcs  to  infective  disease  has  been  the  mcaoB  uf  »  more 
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exact  knowledge  of  the  clinical  phcEoinoaa  of  disease,  of  morbid 
urmtomy,  of  phyaiclogj-,  and  of  physiologic  chemistry  than  would 
have  been  poaeible  without  it. 


Transminion  of  Injection 

The  kiiowletlge  of  the  cause  of  disease  has  led  t«  a  study  of  the 
lifc-history  of  infective  organifims  outside  of  as  well  aa  in  the  animal 
body.  Tlic  mode  of  propagation,  the  means  of  transmission  of  in- 
fective microargaiiism,  by  fomites  and  other  agents,  has  become 
known.  The  rCIe  of  insects  which  infect  animals  play.  &e  defin- 
itive or  intermediate  hosts,  has  been  studied  tind  proved.  The 
discovery  of  Manson  of  the  tranemisaion  of  Filaria  sanguinis  hominls 
by  the  mosquito  was  of  vast  importance  as  a  suggestion  of  the 
mosquito  us  a  definitive  host  in  malaria.  The  inx'estigutiuns  of 
Manson,  Hose,  Celli,  Grassi,  Diotuse,  Marchiafava,  Bignami,  Koch, 
and  others  have  made  our  knowledge  of  malaria  exact.  With  the 
microscope  we  rnuy  now  not  only  recognize  malaria  and  differentiate 
it  from  the  other  infective  fevers,  but  w-e  may  also  at  the  same  time 
recognize  by  an  examination  of  the  blood  the  type  of  malarial  in- 
fection and  foretell  its  course.  Not  only  may  we  recognize  the  dis- 
ease delinitely  and  apply  the  drug  treatment  more  rationally,  but 
the  knowledge  of  the  means  of  its  transmission  from  man  to  man 
enables  us  to  apply  preventive  measures  which  are  of  the  greatest 
importance  from  a  commercial  aa  well  as  from  a  humunitarian 
point  of  view.  The  recognition  of  the  rAle  of  the  mns(fuito  in  malaria 
has  been,  furthermore,  a  stimulus  to  the  study  of  the  same  insect 
in  relation  to  other  infections. 

The  brilhant  research  work  of  Reed  and  Carroll  in  I9(K)  in  Cuba, 
by  which  they  proved  that  the  mosquito  of  the  genus  stegomya 
is  the  eole  means  of  the  transmission  of  yellow  fever  from  man  to 
man ,  is  of  great  ImporlAiire  as  a  scieiitihc  fact.  The  influence  of  this 
discovery  upon  mankind,  as  a  prophylactic  ogoinet  a  disea.se  which 
has  killed  multitudes,  is  wonderful. 

Hardly  lees  important  is  the  fact  that  the  "Bacillus  pcstis  may 
infect  fleas  and  these  in  turn  infect  rats,  mice,  and  man,  It  ts  im- 
portant, too,  to  know  that  pests  like  the  house-fly  may  be  carriers 
of  infective  bacteria  from  refuse  filth  to  kitchens  and  tables  and  con- 
taminate food,  and  thus  infect  u  swith  tN-phoid  fever,  cholera,  and 
perhaps  other  diseases  wliich  are  propagated  by  filth. 

The  study  of  bacteria  in  the  laboratory  and  in  the  blood  tissues 
of  infected  animals  has  led  to  the  discovery  of  the  means  by  which 
bacteria  disturb  the  animal  economy  and  j>roduce  phenomena 
cxprtrssive  of  disease.  The  fact  that  the  blood  and  tifiaues  of  infected 
animals  contained  a  toxin  which  could  also  be  isolated  from  pure 
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bacterial  cultures  id  the  laboratory  and  that  this  tonn  vhea  in- 
troduced into  Ml  animal  vm  capable  of  exciting  the  same  phenom- 
ena of  dis«a!w  as  the  bacteria  tbcmeelvcs,  wiu»  po«itive  proof  that 
bacteria  excite  disease  phenomena  at  least  in  some  instancee  by 
means  of  a  toxin  which  th«y  form.  The  elaboration  of  antitoxins 
ia  Uw  body  of  the  iofeuted  tinimol  n-a»  also  promptly  recognised, 
and  served  to  explain  not  only  the  selMimitation  of  many  of  the 
infective  disease,  but  it  also  helped  us  to  understand  the  immunity 
which  one  attack  affords  in  some  of  the  bacterial  diseases. 


Protective  Inoeulaiion 

Long  before  bacterial  toxins  were  recognized  as  tbe  cause  of 
dlaeafie  phenomena,  Pusteur  estiihlished  the  principle  uf  protect- 
ive inoculation  with  bacteria  of  lessened  virulence,  which  was 
brougtit  about  by  attenuation  of  the  bacteria  by  a  modification  of 
cultural  methods  and  also  by  serial  Inoculation  of  certain  lower 
abimals.  This  he  succeesfully  applied  to  charbon  in  ^hecp  and  cattle 
and  to  chickoD  cholera.  In  both  of  these  diHcuiwtt  the  bacteria  were 
known  and  the  problems  of  attenuation  could  be  carried  on  in  the 
laboratory  by  direct  study  of  the  bacteria  before  inoculation  and 
afterward  when  they  were  recovered  from  tbe  body  of  ttie  animals 
experimented  upon. 

His  final  life-work  was  no  leas  important  in  firmly  fixing  the  im- 
rouni/ing  influence  in  rabies.  Here  the  discovery  \xa»  made  that 
tho  infeeting  biicterium  escaped  every  known  means  of  recognition 
bj*  microscopical  and  cultural  examination  of  the  tinaucs  and  blood 
(4  tbe  infected  animals.  Apparently  there  are  pathogenic  germs 
which  wo  do  not  know  Iwcauite  we  bavc  not  yet  recognized  the 
proper  eultum  material  for  the  successful  artificial  cuHivation 
of  them,  nor  h&xe  we  diacovered  the  tinctorial  reaction  which  they 
may  poesess;  and,  finally,  it  is  not  improhftblo  that  ihcy  may  be 
tnfiQitely  smaller  than  other  germs  :uid,  therefore,  more  dil&cult 
to  recognize. 

Pasteur  recognized  the  fact  that  in  hydrophobia  the  brain  and 
oChcr  ncr^■ou8  li.-«uft(  of  an  infected  animal  ttrc  capable,  wben  in- 
oculated inte  another  aninmrH  brain,  nf  producing  the  disease. 
TTiat  the  infected  brain  used  for  infecting  nnimnls  cont.nined  the 
germs  which  caused  the  disease  wa-i  proved  by  ibe  fact  that  a 
stage  of  incubation  occurred  in  the  inoculated  animal  and  that 
A  wries  of  ftnimalsi  were  suceejisfuily  inoculated  consecutively  from 
the  firal.  Pasteur  then  successfully  attenuated  the  unknown  micro- 
OFj^anism  present  in  the  nervous  tiaaues  of  an  inoculated  animal 
by  deselcation  of  the  nervous  tissue  in  a  sterile  itppnrntus  by  methods 
too  well  known  to  repeat.    Nor  it  it  neceasar)'  to  occupy  time  in  r&* 
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peating  fhe  well-known  methode  pursued  by  Pasteur  and  his  pupil* 
in  the  use  of  the  graduated  doses  of  attenuated  loxin  coutaJned 
in  the  ncrvo  tbsues  in  the  prophylactic  treatment  of  rabies.  To 
Paiiteur,  therefore,  we  owe  the  scientific  recognition  of  the  principle 
of  protective  iuoculation. 

It  ie  now  a  well-known  fact,  however,  that  inoculation  against 
disease  was  practiced  by  the  Chinese  a  thousand  years  ago.  They 
inoculated  the  healthy  with  emall-pox  as  a  protection  against  the 
disease.  Variolizution  was  also  practiced  in  Europe  in  the  seventeentb 
and  eighteenth  centuriSB.  We  read  that  in  1718,  Lady  Montague 
caused  a  son  to  be  inoculated  with  variola  in  Italy,  and  that  two 
years  later  her  daughter  wuk  inoculated  iu  England.  The  practice 
was  followed  in  Ireland  long  after  the  successful  estubliahment 
of  vaccine  as  a  protection  against  variola.  Inoculation  against 
sy])hilis,  or  syphilization,  was  practiced  iu  Europe  during  the  nine- 
teenth century. 

We  owe  to  Jenner,  however,  the  first  example  of  the  protective 
inoculation  by  means  of  an  attenuated  virus.  Thix  attenuation  we 
now  know  was  established  by  tbe  accidental  Inoculation  of  milch 
cows  with  small-pox.  producing  n  modified  disca.'w,  vaccinia.  Thai 
voc'ciaia,  produced  in  man  by  inoculation,  would  protect  against 
fimall-pox  was  proved  when,  in  1798,  Jenner  succeesfully  vaccinated 
direct  from  the  cow,  the  five-year-old  lad  William  Summers. 

The  thousimds  of  successful  vat-ct nations  which  have  since  been 
performed  and  the  thousandB  of  Uvea  which  have  been  saved  by 
vaccination  are  proof  of  its  validity  and  utility.  The  immunity 
established  by  protective  inoculation  is  apparently  the  same  as 
that  induced  by  an  unmodiBcd  attack  of  variola. 

Serum   Therapy 

When  chemistry  had  revealed  the  nature  of  bacterial  poiaona  and 
experiments  established  their  relation  to  the  phenomena  of  disease, 
it  was  proved  that  substances  were  formed  in  artificial  cxilture  media 
an<l  in  the  blofid  and  tissues  of  infected  aniniuU  which  had  the  power 
to  neutralize  the  eEfect  of  the  bacterial  poison  in  other  animals 
infected  with  the  same  organiiim.  Further  investigatton  showed 
that  an  animal  inoculated  with  the  laboratory  preparation  of  anti- 
toxin was  protected  agaiusC  the  disease. 

Furthermore,  it  was  found  that  the  blood  serum  of  an  animal 
inoculated  with  bacteria  in  a  non-fatal  and  repeated  dose  contained 
an  antitoxin.  When  the  blood  senim  of  an  infected  animal  was 
injected  into  a  healthy  animal,  the  latter  was  protected  against  the 
orifrinal  disease. 

Antitoxin  was,  therefore,  proved  to  l>c  formed  in  artificial  media 
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of  bacterial  cultures  and  in  the  bodies  of  iafect«d  anitnnls.  When 
the  aittiioxiu  thus  formed  wa«  injected  iuto  au  uiimal.  it  had  the 
|xm-cr  to  protect  that  anitutil  i^ainst  the  particular  buctorial  inf«ci- 
tkin,  w,  if  given  subsequent  to  the  infection  of  the  animal,  to  miti- 
gate the  severity  of  the  disease  or  entirely  to  check  it. 

Ttiiu  Koch  and  his  students  cKtiitiliuhcd  the  principle  of  oerum 
Lbenipy.  Upon  this  principle  there  has  t)een  developed  and  given 
to  the  world  the  anti'diphtheritic  serum  of  tiehriug  and  of  Koux, 
uid  ftlso  an  iuiiiiuoizinj;  soniui  for  Aiuiitic  cholera,  tetiinUM,  cry- 
upclaa,  plague,  epidemic  dyBentery,  etreptocoucus  iofeotion,  and 
other  diaettsee.  While  the  senim  treatment  has  not  proved  auocesBfut 
in  all  of  the  diseases  In  which  it  has  bcea  used,  it  has  been  so  Bucce«^ 
fill  in  some — diphtheria,  for  instance  —  as  flrtaly  to  oetablish  the 
principle  of  serum  therapy.  The  st-udy  of  prophylftctic  sera  by  Paul 
Eriich  led  to  our  prcwnt  knowledge  of  immunity.  His  side  chain 
theory  has  cstabl^ied  a  working  baaitj  which  afTorde  superb  fields 
of  research  in  physiologic  chemistry  which  have  already  yielded 
rich  returns. 

Bscteriologj'  made  possible  the  comprehension  of  perfect  dcanli- 
nesH  and  enables  the  surgeon  to  invade  every  port  of  the  body 
without  fear  of  infection  and  has  itaved  thousands  of  lives  which 
twenty-Gvc  years  ago  would  have  perished  misorubly  as  the  re«ult 
of  disease  at  that  lime  inopemblo,  or  as  the  rcHult  of  infection  from 
contact  nith  the  i^urgeon.  Hy  meaiia  of  cleanliness  and  skill,  in- 
dooed  by  n  broader  experience,  the  surgeon  has  been  nble  to  add  to 
our  knowledge  iiifornmtion  of  great  value  which  could  have  been 
obtained  probably  in  no  other  way.  He  has  been  able  to  study  dis- 
ease in  the  living  body  and  show  the  relation  of  n  disease  process 
to  infection-  He  ha«  thus  been  able  to  clear  away  many  of  the 
mificonccpl  iuns  of  symptoniatologj-  and  diagnosis,  especially  in  di»- 
tum  of  the  abdominal  organs. 

Bacteriology  has  atimulaled  lal)oratory  clinical  diagnosis.  Bac- 
terial reaction  to  sera  and  blood  cultural  tests  are  of  the  greatest 
aid  to  diagnoflis.  Clinieal  research  work  has  command  of  an  arma^ 
menlarium  conasting  of  a  knowledge  of  pathologic  anatomy,  of 
pii>'»julogy,  of  bacteriology,  of  chemic  physiology,  and  of  physics, 
whieli  allows  of  a  precision  in  diagnosis  never  iMifore  at  the  command 
of  the  physiciaD. 

The  evolution  of  bacteriology  bos  aSorded  a  stimulus  and  aid  in 
the  advancement  of  parasitology,  physiologx',  phyaio-chemistry, 
■nd  of  other  fundamental  sciences.  Tliis  knowledge  has  been  more 
directly  applied  to  practical  incdicino  than  ever  before. 

Indeed  modem  medicine  is  now  so  oomprehensive  that  the  student 
BiQSt  be  thoroughly  conversant  with  chemistry,  inorgaiite,  organip, 
And  phj-eical,  with  physiology,  with  general  biology,  with  human 
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and  comparative  anatomy,  with  bacteriolog>-,  and  paraflitologj-,  to 
understand  and  appreciate  it. 

Slowly  but  surely  the  secrets  of  the  cause  of  disease  wliich  baffled 
the  search  of  centuriw  have  yielded  to  the  brilliant  Ught  of  modern 
methods.  TJie  causative  agents  of  most  of  the  infective  diseaseB 
of  man  and  of  the  lower  uoiEoals  are  now  kiiown. 

The  uiikiioft-n  causative  germs  of  the  few  remaining  infectious 
diseases  will  soon  be  discovered,  and  then  the  principles  of  immunity 
and  cure  by  inoculation  or  by  the  application,  of  antitoxins  will 
find  wider  opplicatiun. 
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Preuenfwn  oj  Infection 

The  reeognWon  of  the  germ-cause  of  the  infectious  diRensee  enal 
modem  medicine  not  only  lo  combat  disease  more  rationally  anl 
successfully,  but  it  enables  us  to  prevent  them. 

In  most  of  the  infective  diseases  due  tn  germs,  protozoa,  parasites, 
and  fungi,  the  causative  agents  have  been  so  fully  investigated  that 
wc  know  tho  life-history,  and  what  conditions  arc  best  suited  for 
the  pntpagation  and  multiplteation  of  each,  and  also  what  will 
remove  and  amiihilate  these  dangerous  enemies.  So  the  diseases  of 
domestic  animals  which  may  also  infest  man,,  for  example,  actinomy- 
oosis  of  cattle,  Iriehina  t)(  swine,  tuberculosis  ni  animals,  chicken 
cholera,  foot  and  mouth  disease,  charbon,  etc.,  may  bo  entirely 
eradicated.  The  experience  of  one  hundred  years  proves  that  small- 
pox may  bo  prevented  by  proper  vaccination.  If  universally  applied 
and  repeated  at  proper  intervals  the  disease  wTJUld  probably  disap- 
pear. 

Our  knowledge  of  the  living  agents  which  provoke  malaria, 
typhoid  fever,  cholera,  the  pitiguc.  and  the  means  by  which  they 
propagate,  develop,  and  the  manner  in  which  they  infest  man,  enables 
vts,  if  we  may  command  the  situation  irreapeofive  of  the  financial 
cost,  not  only  to  prevent  but  al-w  in  many  localities  to  abolish  them 
altogether. 

The  diBcovcrics  of  Reed,  Carroll,  and  Agramonti  of  the  relation 
of  the  mosquito  (Stegomyin  faaciata)  to  yellow  fever  haa  been 
practically  applied  with  notable  suncetts  !n  Cuba  and  elsewhere. 

The  attidy  of  bacteriology  has  developed  general  hygiene  to  a 
high  plane.  The  value  of  sunlight,  pure  air,  and  pure  food  are  fully 
recognized  as  preventives  and  b\w  &a  rational  curative  measures 
in  many  infpictive  diacoses. 

Unfortunately  there  are  a  few  of  the  scourges  of  mankind  which 
science  has  not  yet  conquered.  Pneumonia,  the  bacterial  cause  of 
which  is  known,  is  .'(till  a  "captain  of  death."  C.incer  renmin.i  unf*nn- 
quered.  iSo,  too,  do  many  of  the  chronic  diseases,  namely,  the  primary 
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blood  diseosM,  diabetes,  the  various  degenerative  prooessee,  etc., 
irbich,  though  frequently  easily  recognized  duting  life,  are  at  best 
only  modified  by  our  efforts  to  check  or  remove  them. 

Physio-cbcmistiy,  cxpetimeDtal  medicine,  physiologj-,  and  patho- 
logic anatomy  have  given  us  much  informatioD  of  these  proeettseg, 
uid  there  can  be  no  question  that  omny  of  these  problems  will  be 
■olved  by  the  present  methods  of  investigation. 

The  present  knowledge  of  the  cause  of  disease,  of  the  evolution 
of  disease  proceaaes,  of  the  natural  expression  of  disease  as  recog- 
nised by  clinical  iovestigstion,  has  resulted  in  a  rational  mode  of 
treatment.  Drug  treatment  is  no  longer  looked  upon  as  specifie, 
but  aa  a  helpful  agent  to  modify  and  palliate  diseaae  prooeflseB, 
in  conjunction  with  proper  dietary,  hydratic,  and  hygienic  mcajsures. 
Polypharmncy  and  indiscriminate  drugging  and  rfrug  nihilism  are 
recognized  as  equally  irrational.  It  requires  a  nice  judgment  of  when 
to  give,  as  much  as  when  to  withhold,  drugs. 

To  enable  a  diaea.<ied  or  crippled  organ  more  nearly  lo  perform 
its  function;  to  fortify  and  prolong  life,  with  the  hope  of  a  favorable 
l«rmJiiation  of  a  self-liniited  discusc;  to  palliate  Buffering,  nre  some 
ot  the  measures  which  dnigs  afford  modem  medicine.  Pharmaco- 
logj'  and  pharmacy  have  developed  equally  with  the  other  parts  of 
medieine  and  enable  ii»  lo  comniund  drug^i  and  active  principles 
with  accuracy  and  comfort. 

The  discovery  of  the  X-rny  was  a  boon  tosurgical  diagnosis  and 
it  baa  proved  of  wonderful  therapeutic  value  in  many  of  the  dinea^ie 
ptoecsws  of  the  skin  and  superBcial  tissues.  When  the  X-ray  shall 
be  better  undcrsUwd  its  appreciation  will  be  undoubtedly  much  more 
extensive. 

The  rapid  development  of  modem  medicine  has  attracted  wide 
altcntion  and  excited  the  interest  of  students  and  inveatigators 
over  the  whole  world. 

A  larger  percentage  thao  ever  before  of  the  best-educated  st\idcnt9 
of  the  world  have  sought  medicine  as  the  most  attractive  held  of 
study  and  research.  At  this  time  there  are  hundreds  of  earnest, 
thoughtful,  patient,  find  energetic  workers  after  truth  who  fre- 
quently sacrifice  home,  friends,  comfort,  health,  and  even  life  for  the 
advancement  of  the  science  of  medicine. 

The  advancement  of  modem  medicine  h«.*  also  attracted  the 
attention  of  the  philanthropic  rich  aa  never  before.  In  recent  years 
institutes  of  research  have  been  erected  or  are  in  the  course  of  con- 
struction and  equipment  whicli  have  rich  endowment.  Modem  medi- 
otae  is  therefore  better  prepared  to  develop  now  than  ever  before. 

Hie  development  of  medical  htcrature  has  been  in  keeping  with 
llie  advancement  of  other  sciences.  Large  and  valuable  libraries  are 
found  iu  every  land.    Medical  journalism  is  a  scicuce  of  itself  and 
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enables  the  phyncian  at  small  cost  to  be  in  touoH  with  all  that  is  new 
and  progressive. 

Modern  medicine  requires  of  its  students  an  education  which  shall 
fit  them  to  take  part  as  research  workers  or  as  practitionera  to  apply 
the  measures  afforded  them  to  prevent  or  more  quickly  to  modify 
disease.  The  modem  medical  student,  therefore,  requires  the  broad 
education  of  the  university  and  a  training  of  his  special  senses  in 
the  study  of  the  natural  and  of  the  fundamental  medical  sciences, 
preliminary  to  the  study  of  applied  medicine  and  surgery.  Happily 
both  the  old  and  the  new  world  afford  institutions  which  satiny 
all  requirements  of  modem  medical  education.  Many  medical  insti- 
tutions exist  which  cannot  furnish  the  necessary  educational  advan- 
tages. These  institutions  are  doomed.  They  are  relics  of  the  past. 
It  is  to  be  hoped  that  they  will  be  no  exception  to  the  rule  of  the 
aurvivfd  of  the  fittest. 
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UfoU  13.  S&pUmha-  21, 10  o.  m.) 

Ckubmam:  Dk.  Walter  Wtman,  Surgcou-OiiiEral  ot  the  U.  8.  Public  He«]th 

tuid  Marine  Moepilal  S«rvici>. 
SnAKKBS:  PRomsoK   Wiluau   T.    Skdowicx,    UnaeacbuwtU   InAiUttc  ol 
TecbDology. 
Ds.  EnxiT  J.   Ledirlk,  Fonn«r  Comminioner  of  Healtb,  New 
York  CSty. 
Susstast:  Dk.  H.  M.  BsACKrx,  St.  P^ul,  Uinn. 


» 


Dr.  Waltkr  Wyuan,  Surgeon-General  of  fhe  United  Stal») 
:«alth  and  MftriDC  Hoepital  Service,  and  Chairman  of  the 
of  Public  HeiJlh,  in  calliug  tlie  S^ctiua  to  order,  expressed 
his  appreciation  of  the  honor  that  liad  been,  conferred  upon  him  in 
being  made  the  presiding  officer  of  so  important  a  section,  and 
eongrat ulsted  the  members  of  the  Congress  who  were  present  od 
taking  pari  in  a  congress  so  unique  In  history,  so  distinguished  in 
membership,  and  wiinse  proceedings  would  dmibtiess  prove  of  such 
great  vuluc  to  muokind- 

Recent  legislation  (Act  of  July  1,  1002)  had  provided  for  the 
Cnited  States  a  body  practically  fulfilling  the  requirements  of  a 
national  Iward  of  health  under  the  name  of  Public  Healtb  and 
Marine  Hospital  Se^^^ce,  an  evolution  from  the  century-old  Marine 
HoepitAl  Service.  The  Service  controlled  a  laboratory  for  the  in- 
vntigatioa  of  infectious  diseases  and  matters  relating  to  the  public 
health,  its  medical  corps  comprised  between  three  hundred  and 
four  bundled  medical  officer.-f,  distributed  throughout  the  United 
Slates  and  also  representing  the  Service  in  foreign  lands  insanitary 
matters. 

The  difficully  had  Iwen  hitherto  to  ewtabliBh  a  national  health 
organisation  in  which  there  might  be  a  representation  of  the  etat«s 
without  weakening  the  administrative  and  executive  force  of  the 
DktionAl  service  and  giving  the  slates  a  voice  in  at  least  the 
eonaderatiou  of  matters  pertaining  to  the  public  health.  This  bad 
been  brouglit  about  by  the  provieion  for  annual  conferencea  between 
the  state  and  national  health  authoritiea. 

One  difficulty  which  has  always  faced  Congress  in  the  cstablieh- 
ment  of  n  national  healtb  organixation  was  not  to  assume  extra, 
constitutional  rights.  The  power  of  Congress  in  matters  pertaining 
to  epklcmic  disease  and  matters  relating  to  public  health  lie  chicfiy 
in  its  power  to  regulate  commerce,  though  doubtleas  many  would 
believe  that  imder  the  public  welfare  elauso  of  the  Constitution 
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ccrtaiu  beneficeut  iostitutioos  coiUd  be  organised  and  luaiataiued 
by  the  national  government.  Aa  a  matter  of  policy,  the  ttttitudc  of 
Congress  is  aleto  in  iiccord  with  the  e[>irit  of  the  CanNtitution.  Il  haH 
not  been  deemed  desirable  that  the  United  States  Government  should 
be  too  putcrnnl,  but  fihould  lca%'C  most  of  the  details  in  public  hciiith 
matters  to  the  Htate  and  municipal  governments.  Occusiuaally 
there  is  a  tendency  totvard  a  weak  leaning  on  the  natioaal  govern- 
ment, which  should  not  be  encouraged,  but  in  the  opinion  of  the 
Chairman  il  is  the  wisest  policy  at  present  that  the  national  govern- 
ment should  only  give  aid  when  it  is  necessary  to  do  so  in  the  interest 
of  several  etntcs  or  communities  combined.  The  leaving  of  ordin- 
ary public  health  matlerei  to  the  management  of  the  state  health 
boards  would  strengthen  them  in  their  organization  and  in  their 
appeals  to  the  state  legislatures  for  Appropriations.  Any  national 
Bystem  must  necosearily  include,  for  ita  efficacy,  the  health  organiza- 
tions of  the  several  states  and  their  development  in  power. 

Time  may  develop  a  closer  relation  between  the  national  and 
State,  or  local,  govcmmentB  with  regard  to  local  Bamtation,  since 
the  latter  i«  closely  connected  with  epidemic  dieeasec  which  become 
the  care  of  I  he  national  authorities. 

Through  tho  Hygienic  Laboratory,  with  its  advisory  board,  the 
scientific  work  of  the  I'ublic  Health  and  Marine  Hospital  Ser^-ice  is 
brought  into  contact  with  the  scientific  laboratories  of  the  country. 
Through  the  conferences  with  the  state  health  officials  the  practical 
ftdministrative  work  of  the  Bureau  and  its  various  sanitary  pro- 
blems are  now  coiisidei'ed  in  conjunction  with  the  ofEcial  represent- 
atives of  the  state  governments;  and  a  good  scientific  and  execu- 
tive framework  of  tlic  national  health  structure  exists  in  the  corps 
of  specially  trained  medical  ofTicers,  under  military  discipline,  and 
trained  in  government  methods. 

The  national  health  organization,  m  thus  outlined  to~day,  is  much 
stronger  than  was  the  old  natioaal  board  of  health,  but  it  should  be 
stated  that  while  the  organization  seems  to  have  sufficient  scope, 
much  remains  to  be  done  to  perfect  the  details. 
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OTHER  SCIENCES 

BY  WILLIAM   TBOMPBON  SEDGWICK 
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BaiCtoTiolcgiifts,  Americftn  Pul)lir  tl<<nltli  ,\sjHicintion",  Ami^icjin  RociPty  of 
NkturuUnU,  Anwrioui  Aoulrmf  of  Arts  aiid  RcicncfM,  Author  ct  Oenxral 
BMvf!/  (joint  oulhorl;  Life  ami  irtirro  of  Witliam  ISarlvn  Hvt/tr*  (iwoistaul 
cdiUN'};  PriiKipka  of  SanUanj  :icienf»  and  PiMif  HatUtt;  rkf.  Human  Met^h- 
m*Mn  Cjotnt  autlior).] 

"Ftgndeal  ocicince  iit  one  nnil  indivUihli?.  Although  for  practical  niirrmsn*. 
II  li  eoownimic  to  mark  it  ont  into  thi?  frinuiry  mgioiu  of  phymoi.  clu'niistry, 
and  Uoloey'.ADd  ta  tubdiv-idr'  tlic«n  Into  sulxiriluiAtc  prnvimw*.  >c-t  t\u-  method 
of  inrcaliBation  and  the  uHtmate  object  of  th«  physicsl  inquirer  nrv  cverywIliFTe 
tiwiUBe."  —  HcxLEY. 

Phtdicai,  Science  ia  one  and  indivijsible;  that,  &e  I  underfltaod 
it,  is  the  k<'ynote  of  this  grc&t  CongresH,  of  which  public  health 
eeience  foroia  one  section,  and  as  I  am  in\ited  to  con.'tirlGr,  in  the 
brief  space  of  forty-fi%-e  minutes,  the  relations  of  public  health 
science  to  other  sciences,  I  shnll  take  the  liberty  of  seleeting  from 
the  whole  number  of  "  other  liciences  "  only  a  few.  the  relations  of 
which  lo  public  health  science  Hcera  to  me  for  one  reason  or  anothfr 
eq>ecially  iinportdnl  at  r,he  present  time.  I  accept  the  tomn  public 
hflAllh  wienee  without  hesitation,  for  any  division  of  human  know- 
ledge which  has  worked  out  its  own  laws  with  strict  adherence  to 
the  rules  of  inductive  and  deductive  rcHsoning,  as  public  health 
seiciice  has  done,  and  whi<'h  has  reached  reBulta  enablinR  it  to  pre- 
dict with  accuracy,  as  public  health  scicuce  can  now  predict,  is 
entitled  to  a  place  and  an  honorable  place  among  the  physiral  Rciencefl. 

Public  health  science  had  its  rise  and  a  considerable  dei*elopmont 
In  the  eighteenth  century.  Before  that  time  numerous  procedures 
tending  to  protect  or  promote  the  public  health  hud,  indped.  at  one 
time  or  another  existed,  but  tho«e  were  largely  empirical  and  quite 
OS  often  dinwted  to  the  convenience  of  mankind  as  to  their  sanitary 
safety.  In  this  class  belong  the  Mosaic  code;  the  water-supply 
introduced  into  Jerusalem  by  HcEckiah;  the  sanitary  engineering 
of  Empedocles;  ihe  Clotua  Maxima,  the  water-siipplies  of  ancient 
Mycenae  and  of  Rome,  and  all  Ibe  earlier,  and  too  often  futile, 
forma  of  qunrnntine.  Kvcn  the  art  of  ijiocutation  for  smatl-pox 
was  only  an  ingeriioua  knack  introduced  from  the  EB.«t,  where  it 
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bad  been  long  used  ompirically,  and  although  it  was  a  i 
measure  now  of  the  utmost  interest  and  capable  ftt  the  time  of 
great  practical  service,  it  had  until  recently  do  scieiitifie  basis,  but 
belonged  m  nearly  the  same  class  aa  the  amulote  and  charm«,  the 
prayers  and  incantations,  of  the  superstitions, 

It  was  not  Until  the  middle  of  the  eighteenth  century,  namely, 
in  1767,  that  Sir  George  Baker,  by  thu  use  of  the  niethuds  ot  pure 
inductive  reasoning,  made  the  Qiat  scientific  discovery  in  public 
health  science  in  the  subdiviBion  of  epidemiology,  namely,  that 
the  epidemic  cholic  of  Devonshire,  England,  was  due  to  an  obscure 
poisoning  by  lead  couveyed  through  the  common  cider  used  for 
drinking  iu  that  district.  In  1774,  the  foundations  of  state  hygiene 
and  sanitation  wore  laid  in  consequence  ot  the  patient  invcsliga- 
tionB  and  startling  revelations  of  John  Howard,  by  an  act  of  Par- 
liament providing  for  the  sanitation  of  jails  and  prisons.  The 
boghmin|;8  (if  marine  hygiene  and  sanitation  appear  in  1776,  when 
Captain  Cuok,  the  navigator,  wm  awarded  the  Coptey  Medal  of  the 
Royal  Society  for  his  remarkable  success  in  protecting  the  li^-cs  of 
iu«  sailors  on  hle^cond  voyage.  In  170fi,  Edward  Jenner,  working 
also  in  a  strictly  scientific  manner,  and  employing  the  methods 
of  rigid  inductive  research,  laid  securely  for  all  time  the  founda- 
tions of  personal  hygiene  and  inmiuniintion,  by  showing  hnw  we 
can  produce  at  will  such  modifications  of  the  physiological  rcust' 
ance  or  susceptibility  of  the  human  body  as  to  make  it  immune  to 
itinall-pox. 

The  importance  of  these  fundamental  and  splendid  discoveries, 
not  only  to  the  public  health  of  the  time,  but  far  more  to  the  develop- 
ment of  public  health  scienve  in  all  the  ceniuriea  to  come,  is  incal- 
culable, lieduced  to  their  lowest  terms,  we  have  in  these  eighteenth 
century  discoveries  the  germs  of  acme  of  the  most  important 
diviaiona  of  public  health  science a«  it  is  to-day, namely,  (1)  epiJemi- 
oloffy,  (2)  aanitoiion  of  the  eneironmeTU.  and  {3)  immuniialion 
of  the  /tuimin  mechamsm,  this  last  the  most  mar\'elou8  phenomenon 
hitherto  discovered  iu  personal  hygiene. 

Time  fails  ino  to  do  more  than  name  some  of  the  principal  steps 
in  the  advancement  of  public  health  science  in  the  ninct«enth 
century.  We  have,  for  example,  in  1802,  the  beginnings  of  factorj- 
hygiene  and  sanitation;  in  1S29,  the  Brst  municipal  water-filter,  one 
acre  In  area,  comttrticted  for  the  ChelRea  Company  of  London;  in 
1834,  recognition  of  the  important  relation  of  poverty  to  public 
health,  in  the  famous  report  of  the  Poor  Law  Commissioners  of 
that  year;  in  1839,  the  beginnings  of  registration  and  accurate 
vital  Btatiatics;  in  1842.  an  important  report  on  the  sanitary  con- 
dition of  llie  laboring  population  of  England;  and  in  1843,  a  similar 
report  on  the  health  of  towns;   in  1854,  for  the  first  time  clearly 
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Uught,  the  leEsno,  even  jet  nob  properly  takca  to  hcut,  that  drink- 
ing-water ta&y  he  the  ready  \-«hiv1e  of  a  terrible  epidemic  of  cholera. 
About  1S60,  strikiug  epidemics  of  trichinosis  &rgt  canie  iuto  public 
QoUce,  and  here,  aJ«o,  belongii  the  uiagnifict'nl  work  of  Pnstcur, 
while  in  1S68,  Lister,  following  in  the  footsteps  of  Pasteur,  revealed 
to  the  norld  the  basis  of  true  cleanlinees  in  asepsis,  and  in  1876, 
bacteriology'  became  firmly  established  as  a  Bcicnce  by  Koch's 
studies  on  anthrax.  The  decade  from  ISSO  to  IS80  may  be  called 
the  {golden  age  of  etiologj',  for  io  these  yenrs  were  discovered 
Ibe  hitherto  unknon-n  paraoitic  nucrobea  of  typhoid  fever,  tuber- 
culoets,  malaria,  Asiatic  cholera,  diphtheria,  and  tetanus.  The  laat 
decade  of  n  century  which  has  well  been  called  "  the  wonderful," 
vrituessed  the  diacovcry  of  antitoxins  by  Bebriug  and  the  beginnings 
of  scrum  therapy.  The  list  is  long,  and  I  have  not  mentioned 
nearly  all  of  the  discoveries  of  capital  importance,  but  because  of 
these  and  their  fruits,  I  am  in  the  habit  of  saying  to  my  students 
Ihot  with  Ihc  single  exception  of  the  changes  effected  by  the  ac- 
ceptance of  the  theory  of  organic  evolution,  there  haa  been  no  modi- 
fication of  human  opinion  within  the  nineteenth  century  more 
wonderful,  or  more  profoundly  affecting  the  general  conduct  of 
human  life,  than  that  in  our  attitude  ton'ard  the  nature,  the  causa- 
tiou,  and  the  prevention  of  disease  — that  is  to  say,  toward  public 
health  science. 

No  mere  outline  like  this  of  the  history  of  public  health  science 
can  possibly  serve  to  ehow  how,  like  other  applied  sciences,  this 
one  has  not  grown  as  a  branch  grows  from  a  tree,  namely,  from 
a  large  stem  or  stock  of  knowledge,  tapering  out  into  thin  air,  and 
frith  its  latest  growth  its  least  and  weakest.    That  common  simile. 

whwb  the  variou*  divisions  of  science  arc  rcprOBCnted  as  branches 

tbe  tm  of  knowledge,  ia  a  erotesfitie  survival  of  a  time  when 
neither  trees  nor  science  were  understood.  No  glmile  is  perfect 
or  even  approximately  correct,  but  one  better  than  the  tree  and  its 
branirhcM  for  the  origin  and  relationships  of  any  inductive  science 
is  that  of  a  river,  rising  from  various  and  often  obscure  .sources, 
gro^-ing  in  »ze  and  importance  as  it  proceeds  both  from  the  apriage 
within  its  own  bed  and  by  the  entrance  and  contributions  of  tribu- 
tary streams,  and  finally  pouring  its  Bubstance  into  the  mighty 
ocean  of  accumulated  human  knowledge. 

I'p  to  the  time  of  the  Gsiablishm^nb  of  the  repstration  of  vital 
Btatrsties  in  England,  in  lK:i9,  the  stream  nf  public  health  science, 
although  full  of  promise,  was  only  a  slender  thread,  but  when  the 
rem]|«  of  rogistralion  were  fully  imlisted  in  its  service  it  visibly 
widened  ami  deepened.  Epideraiolog>-,  as  has  been  said,  had  the 
honor  of  giving  birth  to  the  science  in  1767.  and  it  added  to  its 
o^pring  a  rich  endowment  when,  in  1854,  Dr.  John  Snow  proved 
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that  the  water  of  the  Broad  Street  well  in  London  had  caused  an 
epidemic  in  which  mure  thao  six  hundred  piTKOns  diod  of  Asiiitic 
cholera.  The  stream  of  public*  health  Bcieuce  was  sliU  further 
enlarged  and  quickened  by  the  revelation  iu  and  after  the  sixties 
of  thv  simple  causL*d  of  numerous  epideiiurs  of  trichinosis  and  of 
typhoid  fever,  the  latter  BOmctimeB  through  loilk.  There  was  an 
extraordinary  popiilaj  awakeaing  in  England  to  the  importaitee 
of  eaiiitution  and  publiu  henlth  ineii^urt^s  in  the  ntiddle  of  the  nine- 
teenth century,  but  we  look  for  some  time  in  vain  for  any  marked 
luoBculatioa  between  public  health  eeience  and  other  sciences, 
such  as  phyaicH,  chcmistrj-,  microscopy,  bacteriology,  climatoloRy, 
engineering,  or  education.  We  have,  to  be  sure,  minor  contributions 
from  the  microscopists,  such,  for  example,  as  that  from  Dr.  Has- 
aalt,  who,  in  1850,  made  a  careful  microecopJcal  cxaminution  of  the 
water-supply  of  London  and  showed  the  presence  in  the  public 
drinking-water  of  muscle  fibers,  intestinal  parasitee,  and  other  ma- 
terials, plniiily  derived  from  sewage;  but  it  was  not  until  Petten- 
kofer  and  hia  disciples,  in  Germany,  and  Angus  Smith  and  others. 
in  England,  began  their  splendid  chemical  investigation  that  the 
tributary  stream  of  sanitary  cktmislry  enlarged  nmtorially  that  of 
public  health  science.  In  saying  this  I  do  not  forget  that  my  late 
friend  and  colleague,  William  Ripley  Nichols,  whose  solid  contribu- 
tions to  sanitary  chemistry  were  among  the  first  iu  America,  and 
will  always  remain  among  the  beat  anywhere,  long  ago  pointed 
out  that,  as  early  as  1789,  "Fourcroy  studied  the  nature  of  Mith- 
arged  '  mne,  BerthoUet  (1801)  the  methods  of  preserving  water  for 
long  voyages.  Chevreul  (1S46)  various  chemical  rcaetioDs  which  ex- 
plain the  hygiene  of  populous  citieR,  and  (1853, 1S62, 1870)  methoda 
of  preparing  and  preserving  food ;  Graham  and  Hofmann  reported 
upon  the  uae  of  acetate  of  lead  in  sugar-refining  (1850),  upon  the 
London  water-supply  (1851),  and  upon  the  adulteration  of  pale  ales 
with  strychnine  (1882);  Dumas  waa  interested  in  many  sanitary 
matters  and  made,  among  others,  reports  on  the  minorul  waters  of 
France  (1861),  on  the  water-supply  of  Paris  (1850),  on  the  treat- 
ment of  sewage  (lS67),and  on  the  preservation  of  food  (1870-72); 
Wurtz  was  for  a  number  of  years  president  of  the  ComiU  contuitatif 
d'hy^ne  and  a  year  before  his  death  was  president  of  the  SodiU  de 
midecinc  publique.  His  investigations  and  reports  on  sanitary  sub- 
jects are  numerous  — on  the  dispoaitl  of  the  wAste  from  dlBtilleries 
and  sugar-refinerieg,  on  the  colors  employed  on  German  toys  and  in 
articles  of  food,  on  the  adulteration  of  wines,  etc, 

"Other  names  wUl  oeciir  to  us — such  a.s  those  of  Sir  Henry 
Roi^coe.  Sir  Frederick  Abe],  and  Dr.  Williamson,  who  served  on  the 
Noxioua  Vapors  Commisaion  of  1876;  of  Frnnkland,  who  gave 
years  of  service  to  the  Rivera  Pollution  Commission  of  1&C8  and  to 
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roQQection  therewith  de^'i8ed  an  elaborate  system  of  water  analyais; 
m  think  abio  of  Schuticabergcr  dcvlsiiiK  a  method  for  the  dct«r- 
Roioation  of  ox\'gen  diiwolved  iu  water  (not,  to  lie  HUre,  simply  for 
sinitary  purposes).  Mallet  studyiag  the  various  methods  of  water 
umilyeia,  Rcnusea  studying  l)tc  organic  matter  in  the  air,  and  L«eds 
the  prsi'ticai  effect  of  charging  with  oxygen  (or  rather  with  air) 
inter  used  for  purposes  of  domestic  supply."  * 

I  dwfU  intcntiunally  upon  the  service  of  Banltary  chemistry  to 
public  health  science  previous  to  the  n&e  of  bactenology,  because 
I  beliove  that,  daziled  as  we  hare  been  and  still  arc  by  the  blast- 
ing achievements  of  bsctcriolog>',  l^eginning,  let  us  say,  with  the 
discovery  of  the  microbe  of  tuberculows  by  Koch  in  1HS2,  students 
of  public  heallli  spieoeo  have  been  too  much  inclined  to  underrate 
the  past  senifes  iind  present  relative  importance  of  «initur>'  chem- 
istry. I  know  of  few  more  important  contributiona  to  public  health 
Bcience.  even  since  1882.  tJian  the  chemical  work  of  the  mule  Board 
of  Health  of  Mat^saehuMtta  under  the  able  direction  of  my  friend, 
ProfeoBor,  afterwards  President,  Drown  (the  successor  of  Nirhols) 
aod  bis  asaocintex  and  succe^ors;  or  that  of  another  friend,  the  late 
Profeaeor  Palmer,  of  the  U^i^■e^6ity  of  Illinois,  whose  chemical 
Btudiea  of  the  rivers  of  Illinois  will  long  remain  a  monument  to  a 
hfe  full  of  promise  and  too  soon  cut  short;  or  that  of  still  another 
friend.  Professor  Kinnitutt,  who  fortunately  is  still  engaged  in  fruit- 
ful work. 

I  have  pertiApei  said  enough,  though  it.  would  be  difficult  to  say 
too  much,  of  the  mu^nifieenl  contributions  to  publie  health  science 
of  Pettenkofer  and  hia  disciples  in  sanitary  chemistry,"  but  the 
work  of  these  investigators  in  sanitart/  phyncn  and  estpecially  the 
physics  of  the  soil,  of  the  atmosphere,  of  the  walls  of  buildings,  and 
of  beating  and  ventilation,  in  their  relations  to  the  public  health 
are  quite  as  important,  and  p«rhap.<i  to-day  even  more  neiclected. 
Iu  view  of  the  increased  facilities  of  transportation  and  the  grow- 
ing habit  of  traveling,  together  with  the  tendency  to  outdoor  life, 
whieh  seem  to  be  characteriatie  to-day  of  all  civilized  nations, 
the  nest  twenty-five  years  will  probably  see  a  return  to  the  patient 
and  exact  st^idics  of  the  mmronment,  such  as  the  chemists  and  phys- 
icists began,  and  have  in  .lome  measure  continued,  since  the  middle 
of  the  nineteenth  century.  These  studies  will  be  directed  largely 
to  further  knowledge  and  control  of  the  environment,  but  they 
will  not  end  there,  for  perBonal  hyyiene.  owing  to  recent  advances 
in iiiiyuology,  is  to-day  one  nf  the  most,  inviting  fields  for  work  and 
edueatkn,  and  I  hardly  need  to  point  out  to  a  company  of  experts 


'  WUItjun  RifdcyNloholi.BddTeaBbeforeAnieriGanAaiMaatiOBiortheAdvaDW- 
niraior  Scienix,  rronvdingt.  Amencan  Aundation  for  tlie  .^dvaiueiWDtOf  8d- 
.•DCM,  tdI.  XXXtT,  1885. 
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that  the  proper  csue  aad  right  use  of  the  iodivitlual  humaQ  ia«cti&U' 
ism  reacts  favorably  adcI  fundameiitully  upon  th«  public  bealth 
no  lees  truly  or  effecliveiy  than  an  improved  condition  of  the  en- 
viroament  or  of  the  public  health  tends  to  prom.ote  the  welfare 
and  long  life  of  the  indiv-idual. 

The  sphere  of  hygiene  may  be  divided,  as  it  often  is,  into  the 
tn-o  hemispherea,  public  hygiene  aod  personal  hygiene,  or  it  may 
be  cut  into  one  portinn  dealing  cbtefly  with  the  humim  mcchnuism 
and  its  operation  {peraoiud  hygime),  and  another  portion  dealing 
chiefly  mth  the  environment  of  that  mechanism  isanUaiion).  The 
time  has  gone  by  when  any  one  peraoii  can  safely  undcrtiikc  to  deal 
with  the  whole  8))bere  of  hygiene.  The  physiologist  and  the  phy- 
eician  must  in  the  future  leave  to  the  architect  and  the  samtary 
engineer  »nrh  subjects  as  bousing,  heating  and  ventilation,  water- 
supply  and  sewerage,  precisely  as  the  eanitury  engineer  baa  never 
presumed  to  deal  with  foods  and  feeding,  vaccines  and  antitoxins, 
exercise,  sleep,  and  rest.  The  fonner  suhjectBdeal  chiefly  with  the 
control  of  the  environment,  the  latter  subjects  chiefly  with  the  con- 
trol of  the  individual,  and  sanitation  and  hy^eno  must  hcncefoi^ 
wivrd  be  regarded  as  separate  hemispheres  of  the  science  of  health. 

The  scierue  o}  arckiteeture,  if  under  this  head  wo  include  the 
principles  of  building  construction,  and  the  heating  and  ventila- 
tion of  buildings,  has  done  and  is  doing  much  of  interest  and  im- 
portance to  the  student  of  public  health  science.  For  my  own  part, 
1  am  continually  more  and  more  impressed-  with  the  faet  that  the 
air-supply,  eajjeoially  tor  the  modem  civiliiied  and  too  often  seden- 
tary form  of  mankind,  is  in  the  long  run  quite  as  important  as  the 
water-supply,  the  milk-supply,  or  any  other  supply.  Surely,  we  can- 
not be  too  careful  of  the  purity  of  a  substance  which  we  take  into 
our  bodies  oftener,  and  in  larger  volume,  than  any  other,  and  which 
has  come,  rightly,  no  doubt,  and  as  the  result  of  long  and  painful 
experience,  to  be  known  as  the  very  breath  of  life,  I  am  well  aware 
that  human  beings  may  survive  and  seemingly  thrive,  even  for  long 
periods,  in  bad  air,  but  I  am  certain  that  for  the  best  work,  the 
highest  efficiency,  the  greatest  happiness,  and  the  largest  life,  as  well 
as  for  perfect  health,  the  very  best  atmosphere  is  none  too  good. 
Hence  I  believe  that  the  permeability  of  the  walla  of  hnuses  and 
other  buildings,  and  the  heating  and  ventilation  of  dwellings, 
school-houscjt,  churches,  halls,  and  other  public  places,  require. 
and  in  the  near  future  will  receive,  a  much  larger  share  of  our 
attention  than  I  hey  have  to-day. 

In  an  age  characterized  by  urban  life  and  possessing  sky-scrapers, 
tenement-houses,  and  other  huge  beehives,  in  which  human  beings 
aggregating  vaat  numbers  spend  a  large  part  of  their  lives,  build- 
ixLgn  require  for  tiieir  proper  construction,  Lighting,  heating,  air- 
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supply,  water-supply,  gas-supply,  and  dranage,  the  scientific  serv- 
ioes  not  only  of  architecls,  but  of  engineers,  and  euch  pubUa 
buildings  form  one  smalt  section  of  the  aid  which  modem  en^n- 
irring  aeienee  is  now  everj'where  rendering  to  public  health  science. 
The  present  has  rightly  been  called  an  "  age  of  eogiDeeriog,"  and 
to  no  other  science,  excepting  only  medicine  itswlf,  is  public  health 
irience  (<Miay  more  indebted  than  to  engineering  science.  I  have 
referred  above  to  the  coo^truction  of  the  first  municipal  filter  at- 
tached to  a  public  water-supply  ax  that  of  the  Chelseti  Company 
of  London,  constructed  in  1829.  How  different  is  it  to-day  I  Not 
only  nearly  the  whole  of  London,  but  aIbo  Berlin  and  Hamburg, 
•nd  a  thouiiand  lesser  cities  all  over  the  civilized  world,  are  now 
protected  more  or  lesa  perfectly  from  epidemioe  of  typhoid  fever, 
.Asiatic  cholera,  and  other  water-bom  diseases,  by  vast  municipal 
filters,  ingenious  and  sctcnttSc  in  design  and  costly  in  construction, 
the  work  of  skillful  and  faithful  en^neera,  and  monuments  more 
precious  if  less  enduring  than  brafi?  to  the  contributions  of  engin- 
wring  science  to  public  health  science.  Innumernblc  storage  rv- 
wrvoirs  and  vast  distribution  syetema  for  supplies  of  pure  water 
alao  bear  »-itne."w  to  the  enormous  debt,  which  public  health  science 
owes  to  engiueenng  science,  as  do  proper  street  construction  and, 
itill  more,  those  splendid  systems  of  sewerage  with  which  so  many 
modem  cities  are  equipped,  and  which  not  only  sene  to  remove 
fiuickly  dangeroiui  liquid  waste  of  huniun  and  animal  life,  but 
also  keep  low  and  wholesome  the  level  of  the  ground-water,  re- 
tlucing  dampness  and  promoting  dn,'ness  of  the  environnient,  and 
thereby  strengthening  that  physiological  resistance  by  means  of 
which  the  human  mechanism  fights  against  the  attacks  of  infeo- 
lious  disease.  Nor  do  the  services  of  engineering  science  end  here, 
for  the  fluid  content  of  the  sewers  must  always  be  safely  disposed 
of,  and  sewage  purification  is  to-day  &  problem  of  engineering 
science  no  lew  important  or  difficult  than  that  of  water  purifica- 
tion. These  same  processes  of  the  purification  of  water  and  sewage 
lire  n\Atters  of  so  much  moment  in  public  hoalth  science  that  in 
almost  every  country  experiment  stations  are  now  maintained 
at  public  and  private  expense  for  the  purpose  of  working-out  the 
most  praetien]  and  moat  scientific  methods  of  purification. 

In  no  respect  have  the  services  of  engineering  science  to  public 
health  science  been  more  conspicuous  than  in  the  application  and 
the  furtlier  study  of  the  principles  invoEved  in  the  processes  of  water 
purification.  It  has  lately  been  sho^\'n.  for  example,  that  the  in- 
troduction of  pure  water-supplies  has  in  many  cases  eo  conspicu- 
ously lowered  the  general  death-rate  as  to  make  it  impossible  to 
ewape  the  conclurione  CO  Umt  the  germs  of  a  greater  nunilter  of 
:iou8  diseases  than  was  formerly  supposed  are  capable  of  pro- 
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lon^d  life  in,  and   ready  conveyaDce  by,  public  wa1cr-«uppli£8, 
and   (2)  as  a  promiEing  possibility,  that  as  the  result  of  the  greater 
purity  of  the  water-supply  the  physiological  resistance  of  tlie  con- 
sumora  of  pure  water-supplies  is  cnh&nccd,  in  eomc  manner  as  yet 
unknown;  the  net  resiilt  being  that  the  general  death-rate  is  lowered 
to  such  an  extent  as  to  lead  tn  a  rapid  increase  of  population  in 
comniunitie«  previously  Btationury  or  multiplying  fur  lc»s  rapidly, 
iti  the  oa«e  of    the  city  of  Lawrence,  Massac husetta,  for  example, 
I  have  recently  had  the  privilege  of  examining  the  results  of  studies 
by  (he  diiitinguished  hydraulic  and  sanitary  engineer,  Mr.  Hiram  F. 
Mills,  which  show  that  sdncc  the  introduction  of  a  municipal  filter, 
which  purifies  the  water  of  the  Merrimnc  River  supplying  water 
to  the  citizens  of  La^^Tcnce,  while  the  population  bus  increuined 
nearly  seventy  per  cent,  the  total  number  of  deaths  remains  about 
the  8ftme  as  it  was  ten  years  ago.     Mr.  Mills  concludes  from  the 
reeultH  of  bis  studies  —  and  I  see  no  escape  from  his  conclusioiui 
—  that  the  introduction  of  the  municipal  filler  has  not  only  Baved 
the  Iivc9  of  thousands  of  oitixcns,  but  ha-s  also  caused  the  popula- 
tion to  increase  to  a  point  much  beyond  any  which  it  would  have 
reached  had  the  city  continued    to   use,  unpurified,  the  sewage- 
poliiited  water  of  the  Merriniac  Riwr.     A  demonstration  of  thin 
«ort  shows  how  easily  the  diniinishing  increase  of  population  under 
a  lower  birth-rat©  may  sometimes  be  counteracted  without  resort 
to  that  fish-like  s]iau-ning  which  seems  to  be  the  only  remedy  of 
those  who  are  terrified  by  "race  suicide,"  so  called.    Moreover,  it 
is  hardly  necessary  to  point  out  that  such  a  diminishing  death-rate 
meana  a  far  iDoi'e  rapidly  dinun i^iliiiig  morbidity  rate  —  in  other 
words,  it  means  a  heightened  working  efficiency  of  the  population 
08  a  whole,  nnd  it  must  not  bo  forgotten  that  for  most  of  the  re- 
sults obtained  in  the  M'ientific  purification  of  water-supplies  we  ere 
indebted  to  the  science  of  engineering. 

On  the  other  hand,  we  muiit  observe  that  engineering  science,  ro 
far  as  water  purification  is  concerned,  is  as  yet  only  in  its  infaney 
and  by  no  means  thus  far  altogether  satisfactory.  In  the  United 
^atcs,  for  example,  in  the  last  two  or  three  years  a  number  of  epi- 
demics of  typhoid  fever  have  resulted  from  (he  dcferlii'e  operation 
or  eonMtruction  of  municipal  filters,  and  while  much  has  been  done, 
it  is  clear  that  much  still  remtiina  to  do.  In  this  connection  it  should 
be  said  that  public  health  science  in  the  United  States  suffers  con- 
stantly and  severely  from  an  unsatisfactory  condition  of  the  science 
und  art  of  administration  or  government  in  many  American  cities. 
Public  health  works  are  too  often  neglected,  delayed,  mismanaged, 
or  built  at  extravagant  cost,  to  the  sanitary  and  economic  damage 
of  the  people  as  u  whole,  and  the  tendency  is  far  too  common  to 
place  the  care  and  operation  of  costly  devices  or  systems  in  incom- 
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jllfeetil  hands,  1  cannot  here  dwell,  as  long  as  I  should  like  to  do, 
gpon  tbe  mutual  relatiooH  of  public  heiUth  science  and  the  sciences 
of  Iftgislation  And  ndministration.  SpeiUting  of  my  own  country 
tixme,  I  must  confess  that  we  are  still  \'ery  deficient  iu  IIjc  uppllca- 
liona  of  thrao  scicnc'fa,  Wt  hnvc  not  even  a  national  board  of  health, 
lithough  we  have,  fortunateiy,  in  the  Public  Hcilth  and  Marine 
Hospital  Service  o  aftrong  aubstitule  for  one.  The  peculiuriiies  of 
our  democratic  and  republican  fjovemment  have  hitherto  made  it 
impossible  for  the  people  of  the  United  States  to  secure  either  from 
federal  authorities  or  from  more  local  sources  that  measure  of  pater- 
nal Baaitary  and  hygienic  protection  which  they  ou){ht  to  h&^-e,  aod 
it  is  the  duty  of  every  Aitiericsn  worker  in  this  field  to  bend  his 
energies  toward  a  better  organisation  of  the  public  health  service 
in  ever>'  direction,  mimiciptil  and  state  as  welt  as  national.  The 
a|)pointmeiit  in  IKKIi  of  ii  diittinguished  hydraulic  engineer  to  mem- 
benifaip  on  the  State  Board  of  Health  in  Massachusetts  marked  an 
epoch,  6o  far  us  America  is  concerned,  in  both  eaiiltary  leftitilation 
ud  ndniinistratiori.  Thi»  appointment  was  a  fornial  recognition 
OD  the  part  of  the  public  of  the  necessity  of  a  larger  proportion  of 
mgineering  science  in  mutters  relating  to  the  public  health,  and  the 
KMtlts  have  justified  the  new  procedure.  It  is  now,  fortunately, 
bceoming  less  rare  in  America  to  secure  the  8er\'ices  of  engineers 
upon  euch  boards,  and  there  can  be  no  question  thai  participatioa 
of  the  expert  laity  -with  medical  men  is  likely  to  be  extended, 
probably  fur  beyond  our  present  ideas. 

In  a  nrrtablc  discourse  before  the  Inlemational  Medical  ConcrcBB 
It  the  Centennial  Exposition  held  at  Philadelphia  in  1876,  Dr. 
Henry  P.  Bowdilch,  of  Boston,  one  of  the  pioneers  of  hygiene  and 
imitation  in  America,  divided  the  century  then  closing,  as  to  its 
relation  to  public  health  science,  into  three  periods,  the  first,  from 
1776  to  1832,  a  period  of  reliance  upon  authority  and  upon  drugs; 
the  sernnd,  from  1832  to  L869,  a  period  of  true  scientifie  observa- 
tion; the  third,  from  1869  onwards,  an  epoch  in  which  the  medical 
profeesion  is  aided  by  the  laity  and  state  hygiene  is  inaugurated. 
Dr.  Bowditeh  has  much  to  say  of  the  desirability  of  a  wider  cooper- 
atkm  of  the  laity  in  state  hygiene  and  remarks:  "  In  nil  that  tends 
lo  the  promotion  of  Btale  hygiene  hereafter  the  laity  will  naturally 
and  cordially  eoOperate  with  the  [medical]  profession."  The  history 
of  public  health  ecicnco  shows  Dr.  Bowdit«h'B  prediction  to  ha\'e 
been  well  grounded.  The  nameit  of  John  Howard  and  Captain  Cook 
in  tlie  eighteenth  century,  and  of  Edwin  Chadwick,  John  Simon. 
and  Louix  Pasteur  (not  to  mention  a  host  of  k-«>i>er  workers)  in  the 
nineteenth  century,  shov  conclusively  that  public  health  science 
has  been,  e\'en  from  the  start,  by  no  means  confined  to  medical 
men.    We  may  go  further  and  say  that  even  when  forwarded  by 
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meiJical  men  iheae  have  seldom  been  biiay  practitioners.  Sir  George 
Buker  mid  Jenner  were,  it  is  true,  of  this  class,  but  oot  Petten- 
kofer,  or  Koch,  or  Robb,  or  BillingSj  or  Reed.' 

Reflections  of  this  sort  naturally  lead  to  a  confiidcration  of  the 
reciprocal  relationii  of  public  health  science  and  the  science  of  edu- 
cation. I  do  not  need  to  dwell  upon  the  beneficial  eflects  of  public 
health  science  upon  the  hygiene  and  sanitation  of  school-children 
or  9chool-hoUHes.  Theste  henefita  have  long  befn  emplmsi^ed  by 
sanitanans  and  Banitary  reformers  and  are  sufficiently  obvious. 
The  re%"cr9e  of  the  picture,  however,  is  by  no  meann  so  well  under-  I 
stood.  Unlefts  one  ia  familiar  with  the  facta,  it  13  dilTirult  to  concei\'e 
how  little  impresaion  the  splendid  progreRs  which  the  la*t  fifty  years 
have  witnessed  in  public  heaith  science  h&s  as  yet  made  upon  the  1 
curriculum  of  erlucation.  From  top  to  bottom  and  from  bottom  to 
top  the  schools,  whether  primary,  grammar,  high,  normal,  technical, 
medical,  or  any  other  class,  are  recreant,  inasmuch  as  they  neglect 
almost  wholly  any  adequate  training  of  their  pupils  in  the  principles 
of  public  health  science  which  ore  confessedly  of  such  profound 
importance  to  mankind.  There  is,  to  be  sure,  jiist  now  a  popular 
wave  of  enthuwasm  touching  the  extermination  of  tuberculosis, 
bwt  in  the  United  States,  at  any  rate,  both  school  and  univcntitica 
are  singularly  negligent  of  their  moat  elementary  duties  in  thb 
direction.  Yet  if  what  1  have  said  before  is  true,  if  the  laity  are  to 
pni-lici]>»lc  from  this  time  forward  with  medical  men  in  sanitary 
and  hygienic  legislation  snd  administration,  if  engineers  and  medical  I 
men  in  particular  are  to  serve  upon  boards  of  health  or  in  other 
executive  positions  connected  with  public  work.**,  then,  ."urely,  it  is 
the  duty  of  the  science  of  education  to  lend  its  powerful  aid  and 
not  to  fail  to  save  the  lives  and  health  of  the  people  as  these  can  be 
eaverl  to-day,  hut  always  to  promote  that  public  health  and  that 
large  measure  of  consequent  happinees  which  can  probably  be  more 
easily  and  quickly  accomplished  in  this  way  than  in  any  other. 

As  to  the  function  of  medical  education  and  engineering  educa- 
tion in  respect  to  the  dissemination  of  public  health  science,  I  shall 
say  only  a  word.  In  spite  of  the  reiteration  by  medical  men  of  their 
Iwlief  ill  the  importance  of  hygiene  and  preventive  medicine  as  a 
part  of  the  equipment  of  the  medical  profession,  it  is  a  significant 
fact  that  in  ,\mc;rica  even  the  best  mc<lical  Hchools  tJcvotc  very  little 
time  to  any  adequate  instruction  in  these  subjects.  It.  may  be  that 
this  is  wise  and  that  the  pressing  necessities  of  practical  medicine 
forbid  any  extended  instruction  in  public  health  science.  I  am 
willing  to  believe,  if  I  must,  that  this  may  be  the  case;   but  if  it  is, 

'  "  Durinx  the  catuM  of  an  vpideniio,  pliyaiciatu  are  too  bttsy  to  mnlce  obser- 
%-«tionD  w)iicri  reQuIra  much  time  or  can.  or  to  nialw  more  than  brief  not«a."  — 
J.  S.  BiUing: 
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tlieo  the  conunUDity  must  look  for  the  moet  part  eleen'here  tliao  to 
medical  m*n  for  adequate;  inveotiKution,  legtslution,  imd  Bdmiriis- 
tration  of  public  health  science.  Medical  men,  muBt,  of  course, 
ilways  participate  in  the  work.  In  connectioo,  particularly,  with 
tbe  control  of  epidemics  and  in  those  furma  of  preventive  modieine 
which  have  to  do  with  vaccineo,  Rerunis,  und  other  means  of  modify- 
iog  the  vital  resistance  of  the  human  body.  But  ae  regards  tlie  care 
aad  control  of  the  environment,  medical  knou-ledge  is  not  indis- 
pensable, and  the  entrance  of  the  engineer  and  the  tianitary  expert 
upon  the  field,  as  foretold  by  I>r.  Bowditch  nearly  twenty  years  ago, 
is  to-day  a  conspiciiouH,  and  pri>l>al)ly  a  ^^liolesome,  fact.  As  to  the 
attitude  of  engineering  education  tnn-ard  public  health  science 
there  can  be  no  queatioa.  If  what  I  have  eaid  before  is  true,  then 
enjbcers  arc  bound  in  the  future  to  take  constantly  »  liu-gcr  and 
more  important  port  in  public  health  work,  and  must  be  iiifonned, 
aad  if  poaible  trained,  accordingly.  Moreover,  as  regards  both 
n)C<Ucloe  and  engineering,  the  problem  is  by  no  means  insoluble. 
for  a  very  ehort  course  of  instruction  rightly  given  would  easily 
inculcate  the  necessary  fundamental  principles,  while  etectivee  or 
poat-graduate  work  might  enable  those  tew  whose  taatcs  led  them 
in  this  direction  to  investigate  and  specialize  and  more  thoroughly 
prepare  themselves  for  public  service. 

I  cannot  treat,  nor  do  I  need  to  treat,  as  thoroughly  as  I  would 
be  glad  to  do,  the  mutual  rclfttiona  existing  between  medical  science, 
especially  the  science  of  medical  bacteriology,  and  public  health 
science.  These  are  already  sufficiently  obvious  and  well  knoun. 
From  time  immemorial  medical  men  have  served,  often  devotedly 
and  sometimes  heroically,  in  the  cause  of  public  health  science.  I 
lake  it,  however,  that  since  we  have  in  this  Congress  and  in  our  own 
department  a  section  of  preventive  medicine,  I  may  paas  over  with- 
out conunent  this  part  of  my  subject, 

As  regards  sanitary  bacteriology,  however,  the  relations  existing 
betTreen  this  and  public  health  eeicnce  are  eo  fundamental,  so  ex- 
tensive, and  80  important,  not  only  on  the  medical,  but  also  on  the 
engineering  side,  that  although  we  have  also  in  this  Congress  under 
tlte  department  of  biology,  as  is  entirely  proper,  a  section  of  bac- 
teriniogy,  I  may  linger  at  this  point  for  one  moment.  The  bacteria 
and  other  microscopic  forms  of  plant  and  animal  life,  all  of  which 
are  conveniently  included  under  the  term  microbes,  have  so  lately 
begun  to  be  understood  and  appreciated  that  we  must  still  empha- 
sise theu"  extreme  importance.  The  discoveriee  of  the  botAnist.9  and 
co6]ogtsts  and  revelations  of  the  micrnscopists  in  this  domain  arc 
comparable,  in  their  importance  to  public  health  science,  with 
rKrthing  leas  than  the  revelations  of  the  telescope  to  astronomy. 
Aatronomy  had,  indeed,  existed  long  before  the  Invention  of  the 
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teleecope,  aod  public  health  ecieoce,  aa  we  have  ehowii  above,  had 
its  l>ogi[minK?i  nenrly  u  o«ntury  before  any  considemble  progress 
had  been  made  in  luicro-bjology.  But  it  ia  not  too  muph  to  say  that 
the  dev-elopjnents  in  micro-biology  since  Pasterir  began  hie  work  have 
not  only  revolutionii'.ed  our  Ideas  of  tbe  nalurtt  of  the  infevliouM 
difleBMB,  but  ha\'e  also  placed  in  our  hands  the  key  of  their  complete 
control. 

Coneeming  the  relatioiift  of  phytttfilo^  to  pul>)ic  henlth  soiwice, 
1  must  not  fail  to  speak.  Hore  is  a  field  absolutely  ripefor  the  harvest, 
but  oue  in  which  the  hanxet-ere  are  as  yet  very  few.  1  have  lately 
Iind  occasion  to  exniuine  somewhat  r.irefully  the  present  condition 
of  our  knowledge  of  personal  hygiene  —  which  is  nothing  more  (and 
Fhouid  be  nothing  les^)  than  the  applications  of  physicilojcical  science 
to  the  conduct  of  human  life  —  with  the  result  that  I  have  been 
greatly  impressed  with  its  vast  po»;ibilities  and  promise.  Man  is 
a  gregarious  Bnimal,  and  mankind  is  to-day  crowding  into  cities  as 
perhaps  never  before.  Moreover,  the  industrial  and  coninwrcial  age 
in  which  we  live  ifl  eharacterijied  to  an  extraordinary  degree  by  thft 
sedentary  life.  Yet  the  sedentary  life  is  almoRt  unavoidably  an 
abnormal  life,  or  at  least  it  is  a  life  very  difTerent  from  that  lived  by 
moat  of  our  ancestors.  In  the  sedentfin,-  life  the  maintenance  of  a 
high  degree  of  physiological  resistance  apparently  beromes  difFiciilt, 
and  if  the  vitid  resistance  of  the  community  in  general  is  lowered, 
then  the  public  health  is  directly  and  unfavorably  affected,  so  that 
considerations  of  personal  hygiene  have  a  direct  bearing  upon  the 
science  of  public  he.aith. 

There  are,  to  be  sure,  interesting  and  suggestive  symptoms  of  a 
wholesome  reaction,  in  America  at  any  rate,  against  the  evils  of  the 
eedentarj-  life.  Parka  and  open  spaces  are  being  liberally  provided; 
public  and  private  gj'mnasiunts  are  rapidly  coming  into  being; 
public  playgrounds  are  ttirown  open  in  many  of  our  cities,  free  of 
expense  to  the  laboring,  but,  nevertheless,  often  sedentary,  popula- 
tion; vacations  are  more  than  ever  the  fashion;  sport.'*  and  gnmeti 
are  everywhere  receiving  inereafiing  attention;  while  public  bathe 
and  other  devices  for  the  promotion  of  personal  hygiene  arc  more 
end  more  coming  into  iieirig.  All  thin  in  nn  it  .''hoiild  l>e,  but  all  is  as 
yet  only  a  be^nning.  Here,  again,  the  science  of  education  is  sadly 
at  fault  and  in  the  direction  of  educational  reform  as  regards  per- 
sonal hygiene  lies  imnien.se  opportunity  for  a  contribution  to  public 
health  science. 

The  science  of  atatigtics,  which  has  done  great  service  in  public 
health  seience  in  the  past,  is  likely  to  do  much  more  in  the  future. 
Without  accurate  statistics  of  population,  mortality,  and  the  causes 
of  fiirknewt  and  death,  the  science  of  epidemiology  is  impotent,  and 
the  eflifiency  or  inefficiency  of  public  liealth  measures  cannot  be 
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determined.  And  yet  in  ignorant  hands  Btatistics  may  be  worse 
than  useless.  It  is  a  matter  for  congratulation  to  Americans  that 
we  now  have  in  Washington  a  census  bureau  permanently  estab- 
lished and  under  expert  BUpervision,  but  until  the  various  states 
utd  cities  of  the  United  States  follow  this  excellent  example  of  their 
Federal  Government,  one  of  the  most  important  aids  to  public 
health  science  will  continue  to  be  wanting,  as  is  unfortunately  too 
often  the  case  to-day  not  only  in  America,  but  in  many  other  parts 
of  the  civilized  world- 
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In  expressing  my  thanks  for  the  honor  which  the  organizes  of  this 
Congni!«  have  dnne  me  in  the  as-signmeDt  to  Npeak  upon  the  subject 
of  "Public  Ueallh:  its  Present  Probieiae,"  I  find  two  reasons  for 
ao  doing.  The  sense  of  personal  gratification  of  courM  enters  into 
my  lU'knowLedgment,  for  it  is  a  pleasure  to  feel  that  one'e  efForls  for 
8&nil.ary  reform,  however  alight  iu  comparison  with  those  of  maoy 
vlio  will  address  you,  arc  appreciated  beyond  the  limits  of  the  city 
where  those  efforts  were  put  forth. 

It  ia  au  inspiration  to  the  worker  to  find  that  whatever  is  of  value 
in  htit  work  ia  eagerly  observed,  taki^n  up,  and  adapted  to  conditions 
as  they  are  found  in  other  parts  of  our  cduntry.  Perhaps  the  roost 
interesting  and  valuable  recollectiou  I  have  of  my  work  in  the 
sanitury  service  of  New  York  City  is  that,  in  the  course  of  that 
work,  I  was  able  to  gain  from  my  co-workers  in  other  cities  fully 
as  many  ideas  for  sanitary  betternoent  as  we  in  New  Y'ork  could 
give.  The  effect  of  such  eoopcration  is  to  mnke  one  realise  that 
Bttnilary  reform  work  is  not  local,  not  even  national,  but  world-wide; 
and  that  every  worker  in  its  cause  may  draw  at  will  upon  the  re- 
sources of  hi»  fellows  while  lie  gives  them  of  his  own. 

But  the  personal  pleasure  I  feel  in  speaking  on  this  topic  ie  sub- 
ordinated to  another  consideration.  The  fact  that  it  should  have 
been  assigned  to  any  but  n  physician  seems  to  me  to  be  of  mueh 
significance. 

Sanitary  ncionre  has  Ix^eD,  for  so  much  of  it-i  brief  existence,  xt 
Jorth  almodt  wholly  by  medical  men,  that  it  is  slill  widely  regarded 
tm  their  peculiar  province.  .4nd  properly  so;  the  very  nature  of  his 
training  and  occupation  make?  the  intelligent  phytdcian  find  in 
■unsanitary  Burroundings  a  jiredisposing  cause  of  disease;  and  his 
■work  hfl.1  been  and  vnl\  continue  to  be  so  to  improve  sanitary  con- 
ditions as  to  minimt«:  and  linatly  to  eradicate  a  great  many  diseases 
which  Btlll  make  up  a  large  part  of  the  annual  mortality. 

Preventive  medicine  ia  the  watchword  of  the  new  school.  It  is 
a  sign  of  the  progressivcness  of  that  school  that,  in  all  enlightened 
eommunitics,  it  has  now  realised  the  great  scope  of  the  preventive 
voTk  to  be  donP,  and  has  called  into  existence  a  now  profession,  that 
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of  the  Banitarian,  ia  order  to  have  the  aid  of  specisliste  ia  hygiene 
in  .wiving  the  problems  of  disease. 

Modern  public  Uygienc,  in  fact,  h&s  passed  the  point  u'here  the 
oreicFowdiiig  of  population  has  made  prompt  aoiutioo  of  saDituy 
pfoblemit  impcrittive,  iheru  un;  many  quctstions  of  udiniaiatmtion 

■ud  policy  to  b«  8olved,  and  fur  these  the  phytucian  ordinarily  has 
little  aptitude.  Hie  experience  and  trainiug  are  rarely,  if  ever,  of 
the  sort  to  nuikc  him  a  successful  adiiiiaistratur.  I  do  not  by  any 
mtua  seek  tu  tnaintuin  that  t\m  funotiitn  resideu  wholly  in  the 

Fnoftarian,  so  called;  far  from  it.  But  in  the  adaptation  of  nicans 
to  entUr  tti  the  countleas  circumstunces  of  Administrative  duly 
which  public  service  entails,  a  layinau,  with  skilled  medical  advice 

*  upon  purely  medical  questions,  eeenw  to  me  better  fitted  to  accom- 
phsl)  results  chaii  the  phy^cian  alone. 
ITiLs  leads  me  to  a  statement  of  what  I  believe  to  be  the  best 

rjHMBJblc   organization  of  a  sanitaiy  pervice,  municipal,  state,  or 

jaational.  and  one  which  I  hope  unme  day  will  be  adopted  not  only 

[in  cities  and  states,  but  by  our  Fodoral  Govcrnmout.  At  its  head 
liouid  bo  a  Itoard  of  administration,  consisting  of  a  physician  of 
the  first  rank,  skilled  in  the  application  of  hacteriolngical  and  gen- 
eral medical  research  to  the  problems  of  hygiene;  a  trained  sani- 
taiy en^^itccr;  and  third,  if  you  like,  as  a  balance-wheel  to  prevent 
the  eccentrics  of  the  specialists  from  dtsliirbing  the  workings  of  the 
machine,  a  man  of  affairs  in  the  broader  sense  of  the  word,  who 
ihould  be  versed  in  sanitary  practice  and,  at  the  Kainc  time,  chosen 
mainly  for  administrative  skill  and  far  a  certain  practical  common 
seoMe  which  might  guide  such   an  organization   wisely,  and,  per- 

IBhsnee,  prevent  misuse  of  the  great  powcr»  with  which  it  ought  to 

'  be  endou-ed.  In  the  aen-ice  of  such  a  department  of  our  government, 
ibere  .should  l>o  n  ataS  of  specialists  in  every  branch  of  medical  and 
sanitary  science,  luboraturieis  equipped  for  research  and  diagnoaia, 

^and  all  other  adjuncts  which  make  for  efficiency  in  public  hygiene. 
)ne  may  question   how  such  a  lx)(ly  would  be  reg.irded   by  the 
Bting  sanitary  authorities  of  cities  and  states;  but,  to  my  mind, 

^it  would  be  entirely  feasible  to  coordinate  all  the  minor  divisions 
of  sanitary*  service  into  one  comprehensive  whole,  in  which  the 
central  body,  though  maintaining  it«  position  of  leadership,  should 
excrciiw  police  powers  with  extreme  caution  while  do-eloping  its 
advisory  function  to  a  degree  of  usftfulness  beyond  any  yet  attained. 
Those  who  see  in  such  a  plan  tin  unwarranted  extension  of  federal 
3wcr  might  profitably  study  the  workings  of  such  organizations 
the  KaiseriicheA  Oesumlheitsamt  in  Oermany  and  the  Union  of 
Britiah  medical  officers  of  health.  Particularly  in  the  former  are  the 
beneficial  effects  <if  centralized  authority  evident.     Our  own  gov- 

emmeiit's  centraliiied  acti\-ity  along  suoh  lines  aa  that  pursuod  by 
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the  Department  of  Agriculture  is  pro'^ing  its  value  aa  un  oducstional 
factor  to  our  popuiatioo  beyoitd  all  qu«^ion. 

There  sceins  to  bt  no  Rood  reasoo  why  a  similar  organisation  for 
sanitary  work  ahould  not  be  instituted.  Its  beginnings  aro  to  be 
found  ia  the  work  of  the  Bureau  of  Animal  Industry  nf  the  Depart- 
ment of  Agriculture,  which  has  already  demonstrated  its  eflicieucy 
in  enforeirg  interstate  quarantine  upon  infcct«d  cattle,  aa  w«ll  as  in 
olhcr  ways  loo  numerous  to  mention.  Another  govemmenlal  effort, 
conceived  in  the  Name  scieutiric  spirit,  is  to  be  seen  in  the  fouudins 
of  various  state  agricultural  experiment  stations,  which  arc  practi- 
cally chemiiml  Inbomtories  working  upon  problems  wliioh  the 
farraer,  without  scienlific  aid,  might  never  be  able  to  solve. 

Federal  establishmeotB  like  the«o,  for  tltc  study  of  hygienic  pro- 
blems ajid  the  betterment  of  health  in  .sections  of  the  country  where 
Buch  betterment  ie  surely  needed,  would  have  an  immense  educa- 
tional value,  besides  conducting  great  worka  of  sanitattun  on  broad 
lines  where  now  such  work  is  either  entirely  neglected,  or  alloi^ed, 
for  the  most  part,  to  fall  between  the  two  stooU  of  municipal  and 
state  sanitary  authorities.  Such  a  central  body  would  also  solve  tho  M 
vexed  questions  of  national  quarantine^  which  are  now  left  to  the  " 
varying  judj^mcnt  of  loeal  health  ofTieers  in  our  scatoast  cities,  at 
timoR  undoubtedly  to  tho  menace  of  the  public  health  of  tho  United 
Stales. 

Another  field  of  usefulness  for  a  national  board  of  health  vrnuld 
be  the  training  of  sanitary  officers.  Sanitary  science  is  so  new,  and 
the  public  appreciation  of  its  benelitd  still  so  small,  that  the  re- 
wards for  the  pursuit  of  it  as  a  life  occupation  are  not  sufficient  to 
indui!U  enough  good  men  to  make  it  u  Hludy.  The  result  hau  been, 
thus  far,  that  the  men  who  do  the  actual  work  of  sanitarv  inRpection, 
even  in  the  service  of  well-organized  bureaus  nf  health  in  the  large 
cities,  are  aa  a  ctoss  without  other  training  tlian  that  which  expe- 
rience and,  at  best,  a  little  reading  on  sanitation  can  give  them. 
They  mny  have  been  plumbers  or  carpentera  before  entering  public 
Bcrvice.  but  none  of  these  bring  any  great  amount  of  thooretical 
knowledge  to  their  work.  A  few,  of  course,  have  been  educated  aa 
physicians,  but  have  turned  to  the  sanitary  field  for  one  or  another 
reason;  often,  perhaps,  it  is  to  be  feared,  because  the  certain  small 
salary  in  the  public  service  is  more  satisfactory  than  the  doubtful 
rewardn  of  more  or  lesEi  unsuccetvtful  medical  practice. 

Some  time  ago,  seeing  the  need  for  attracting  to  the  pursuit  of 
eanitatioD  men  of  higher  grade  than  the  majority  now  engaged  in 
it,  I  ffuggesled  to  the  president  of  one  of  our  large,'<t  universjticfi  the 
plan  nf  offering  courses  in  hygiene  and  sanitation  as  part  of  the 
curriculum.  He  replied  that  the  experiment  had  been  tried,  but  that 
few  or  no  pupils  presented  themaeh-es;  he  thought  lliat  young  men 
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>  pursuits  of  this  character  choee  rather  the  couraea  which 
them  for  engineering,  civil  or  mechanical,  and  he  therefore 
advised  thnt  studies  of  this  character  might  more  profitably  be 
offered  through  the  medium  of  night  schools  and  the  hke. 

This  was  evidence  to  me  that  young  men  of  the  class  which  can 
ifford  ft  university  education  aimed  at  higher  pecuniRry  rewards 
tb&n  are  now  afforded  to  workers  in  hygiene;  it  was  also  evidence 
that  wider  efforta  should  bo  niado  to  demonstrate  the  great  public 
need  of  educated  sanitary  officers,  and  the  great  opportunity  the 
practice  of  hygiene  affords  for  valuable  public  service.  I  believe 
that,  in  time,  we  ehall  have  in  this  country  a  class  of  educated 
[inblie  ftanitarianft;  but  that  time  will  not  come  until  scientific  work 

this  character  is  adequately  paid  for,  and  it  will  come  sooner  If 
Ttbe  sanitary  bodies  in  various  states  and  citivs,  now  working  along 
independent  and  often  conflicting  linM,  are  coordinated  and  made 
B  part'  of  the  greater  activities  of  a  national  board  of  health,  de- 
riving !t«  powers  as  do  other  main  branchcD  of  the  Federal  Govern- 
meot. 

To  define  the  present  problems  of  a  modem  board  of  health  is  to 
FtUseify  and  describe  its  mullifariouii  uctiviticK.  Bniadiy  speaking, 
rf  course,  its  main  objects  are  to  prevent  the  spread  of  contagious 
•iiwase.  and  to  enforce  sanitary  ordinances;  but  to  these  have  been 
iddcd,  some  may  say  "arrogated,"  so  many  other  powers  and 
duties  that  the  sanitary-  ofScer  of  a  generation  ago  would  have  great 
ififGcuIty  in  understanding  the  scope  of  the  work  to-day. 

Public  opinion,  in  the  last  aiialyBJs,  is  respoosible  for  the  cxten- 
rioo  of  theee  powers.  The  (!xpansiou  of  sanitary  police  functions, 
especially  in  the  supprefwion  of  nuisances,  has  resulted  from  the 
growth  of  public  opinion  as  to  what  constitute  nuisances;  forty 
ytajB  ago  what  wo  now  define  as  "oflottsive  trades"  and  relegate 
to  certain  prescribed  fiections  of  New  York  City  flourished  on  many 
of  the  best  streets.  The  force  of  public  opinion  has  gradually  branded 
one  nuisance  after  another  as  "detrimental  to  health,"  and  driven 
them  to  places  where  they  are  no  longer  an  offence  to  the  nostrils, 
the  eves,  or  the  ears.  Power  to  affect  these  removals,  and  to  keep 
•aorces  of  nuisance  luider  obscr\'aiiun,  has  been  given  to  boards  of 
health  in  continually  increasing  measure,  because  the  public  has 
fotmd  that  in  the  great  majority  of  instances  powers  previously 
ilel^ated  had  not  bcvn  abused.  It  is  this  support  of  public  opinion 
vhich  has  in  recent  years  so  increased  the  authority  and  muEtiplied 
the  duties  of  sanitary  officers. 

Thus  supported  and  uplifted  by  the  public  which  they  serve,  the 
frreatest  of  all  the  present  problems  confronting  boards  of  health  in 
this  country,  I  have  no  hesitation  in  saying,  is  the  responsibility  of 
erving  the  sanitary  service  from  the  evils  of  partisan  politics. 
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The  politician  is  nearly  always  the  bitterest  opponent  of  sanitary 
reform,  because  nearly  every  order  for  sanitary  betterment  touches 
the  pCKkct  of  Bome  o{  his  cciistiluenta,  who  iminediately  run  to  the 
politician  for  relief.  How  important,  then,  from  the  standpoint  of 
pnctical  politics,  it  is  that  the  party  in  power  (I  speak  panieularly 
of  our  cities)  should  have  control  of  the  eanitory  oHicei-8  and  use 
their  great  authority  to  holp  friends  and  injure  political  foes.  If  the 
politician  controlR  the  Kanitary  otticers,  he  controls  the  appointment 
of  uU  subordinates,  and  eoon  demonstrates  to  them  that  he  and  not 
the  nominal  head  of  the  eanitar;'  office  is  the  man  to  come  to  for 
instructions.  When  this  occurs,  the  usefulness  of  a  board  of  health 
is  ended,  and  its  maintenance  is  money  thrown  avruy,  if  not  worse. 
Then,  too,  even  if  the  office  is  not  wholly  in  control  of  the  politicians, 
they  sometimes  are  able  to  secure  the  alteration  or  even  the  nulli- 
fication of  important  orders,  and  the  inevitable  result  is  injury  to  the 
public  that  private  tnterefils  may  profit.  The  extension  of  the  civil 
service  law  has  made  the  subordinate  BAnitaT>'  officers  in  many  cities 
independent  of  poUtieians"  threats  if  Ihcy  choose  lo  be;  but  it  does 
not  so  favorably  affect  tho  more  important  activities  of  sanitary 
bureau  heads,  who  are  still  too  much  controlled  by  the  appointing 
power.  There  will  never  be  a  radical  improvement  in  this  condition 
until  our  sanitary  offices  arc  tnken  entirely  out  of  politics,  and  tbe 
incumbents  appointed  for  life  or  during  good  behavior. 
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llow  to  prevent  the  spread  of  infection  will  always  be  one  of  tho 
chief  problems  for  sanitary  olficers,  and  it  continually  presents  new 
phasei),  new  difficulties,  as  the  density  of  population  in  great  cities 
increases.  This  is  particularly  true  of  our  seaboard  cities,  whero 
there  is  a  constant  influx  of  immigrants,  latterly  of  a  class  which  is 
ignorant  of  the  rudimentary  principles  of  sanitary  living,  and  of 
grossly  filthy  pcnsonal  habits.  These  people  have  been  dumped 
upon  our  (toasts  in  swarms,  several  hundred  thousand  annimlly 
coming  to  New  York  City  alone.  Students  of  the  immigratioa 
problem  atutc  that  the  more  progreesi^x  dements  of  this  new  popu- 
lation move  westward  to  take  up  unoccupied  farm-lands,  or  find 
work  in  mines  or  mills,  and  that  the  most  ignorant  remain  in  tbo 
cities.  Wc  of  New  York  can  well  believe  this.  After  all,  the  enforce- 
ment of  sanitary  laws  is  bound  up  in  the  education  of  the  ignorant 
and  filthy  to  the  objecta  of  siich  laws;  and  so  it  is  necessary  for  the 
sanitary  authorities  of  New  York  and  other  nmrilime  cities  to  carry 
on  a  never-ending  campaign  of  education,  in  populations  constantly 
renewed  nt  the  bottom  of  the  ladder. 

But  new  peoples  are  not  merely  Ignorant  and  dirty;  they  often 
bear  seeds  of  di&ease.  The  Federal  Government  has  up  to  this  time 
made  no  provision  for  the  care  of  contagious  sick  immigrants  in  tbe 
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largest  American  port,  but  hus  relied  wholly  on  Ibc  local  nuthorities 
(or  their  clctention  and  treatment.  Two  years  ago  we  founJ  that 
the  sick  immigrnDt^  n'«re  so  crowding  our  contagious  disease  hoe* 
pitals  (then  notorioujdy  insuQicient  to  cart  for  New  York's  own 
iviatugious  aick)  that  many  citijsena,  who  should  have  had  first 
claim  to  attention,  were  being  excluded.  We  notified  the  federal 
tutborities  tbat  they  must  at  once  make  preparations  to  isolate 
tai  treat  conta§;ious  sick  immigrants  without  the  use  of  the  city 
hojpitals;  and  the  reeult  has  itf^-n  tliftt  the  Government  is  building 
ID  island  in  the  bay  for  isoltitiou  hospitals. 

Uucb  mischief  has  resulted  from  former  lax  medical  insjKction 
of  immtgranta.  extending  over  many  yeai-it.  New  York,  and,  I  doubt 
DM,  other  seaboard  cities,  are  to-day  troubled  m'th  many  cases  of 
toatagious  cyo-dUcase,  originally  brought  from  Europe  by  immi- 
{rants  and  by  them  transmitted  to  their  felIow.i  in  the  East  Side 
Icnenients,  who  are  some  of  them  only  a  degree  less  filthy  than  the 
new  urrivals.  To  stump  out  this  discusc  will  be  the  work  of  a  gener- 
ation, if  not  more,  fur  its  spread  has  been  till  lately  entirely  un- 
checked by  the  sanitary  authorities,  and  its  victims  probably 
Bumbcr  many  thuu»andK. 

It  has  soemed  to  us  in  New  Y'ork  that  the  beeit  means  of  checking 
the  spread  of  contagious  disease,  of  which  trachoma  is  ooly  one 
totnpara lively  unimportuiit  element,  was  through  the  public  schools, 
One  of  our  leading  sanitarians  has  well  said  that  schools  are  the 
(ocl  of  infection.  This  is  amply  proved  by  a  study  of  the  reporU 
rf  infectious  disease  cases  in  large  cities;  almost  invariably  the 
cumber  of  cases  begins  to  increase  with  the  assc^mblingoF  pupils  in 
the  autumn,  and  coDtiniiea  large  sn  long  as  the  schools  are  id  wt>- 
aiOB.  Rigid  medical  inspection  in  the  schools  is  therefore  absolutely 
mccesary,  and  its  advantages  ore  manifest,  for  in  New  York  City 
(Thich  I  may  safely  say  has  now  the  most  highly  developed:  system 
tt  medioal  school  inspection  in  the  country)  the  elaboration  of  the 
present  method  two  yi-ars  ii/go  residtcd  in  a  diininutioD  of  contii- 
pDus  disease  cases  amounting  to  al>out  4U  per  cent.  Incidentally, 
also,  the  death-rates  of  1902  and  1903  fell  to  a  point  never  before 
reached  in  the  history-  of  the  city;  with  the  IcKsoned  mortality 
unong  children  particularly  tnarked. 

This  system  entails  extreme  care  and  considerable  expense,  for  it 
demands  the  services  of  a  competent  medical  inspector  daily  in 
every  public  school  in  the  city. 

His  work  is  to  exclude  from  the  class-rooms  all  children  under 
auspicion  of  infectious  disease,  and  to  notify  the  schwtl  authorities 
the  exclusions,  with  the  reason  for  each,  in  order  that  exclusion 

ay  not  be  mistaken  by  them  for  truancy,  ."it  this  point  the  dia- 
ticitw's  work  ends,  and  that  of  the  school  nunfc  begins.    The 
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DureiDg  system  was  adopted  with  a  view  of  praviding  minor  mcdicul 
attentioQ  for  excluded  <!liildreii  aitd  of  carrying  into  the  tenement 
homes  somo  elementary  ideu  of  the  proper  caro  of  the  sick,  as  well 
as  incideotal  instruction  in  household  Bonitation.  The  school  nurso 
is  ail.  adaptation  of  some  of  the  principles  of  settlement  work  to  tlie 
problem  of  haadling  school  exclusiona  for  minor  contagious  nilmcnts, 
aod,  when  she  ia  a  woman  of  experiunce  and  a  graduate  of  some 
recognized  training-school,  as  we  require  m  New  York,  the  successful 
results  of  her  work  are  instantly  manifest.  One  nurse  cnn  handle 
the  exclusions  from  four  or  five  schools,  averaging  from  500  to  1500 
pupils  each. 

It  is  not  required  that  the  nurse  shall  give  any  attcntioa  to  eaBes 
of  contagious  diaease,  sucfa  as  scarlet  fever,  diphtheria,  measlea,  I 
and  the  like.  That  ia  and  should  be  left  to  the  ordinary  operation 
of  the  bureau  of  contagious  dii^eascs,  which  has  its  e.stablbhed 
corps  of  diagnosticians  and  district  medical  inspectors.  The  routine 
handling  of  such  cases  involves,  first,  a  rigid  enforcement  of  rulea 
regarding  notification  by  the  family  physician  of  all  contagious 
cases  coming  under  his  observation;  second,  the  confirmation  of 
the  diagnosis  by  an  expert  medical  inspector  and  his  decision  whether 
the  case  can  be  properly  isolated  in  the  home,  or  whether  removal 
to  the  iaolatiou  hospital  is  necessary;  third,  the  enforcement  by 
the  district  medical  iaepcctor  of  the  rules  requiring  a  continuance 
of  isolation  during  the  full  period  of  the  disease. 

Proper  handling  of  a  contagious  disease  bureau  requires  not 
only  good  judgment  and  strict  obedience  to  department  rules  by 
medical  inspectors  in  their  work,  but  a  well-organized  system  of 
keeping  the  records  of  all  ca«es  within  the  purview  of  the  bureau. 
Another  important  aid  to  successful  operation  is  the  transmission 
daily  to  all  school  principals,  teachers,  librarians,  and  other  per- 
sona having  charge  of  children  in  ordinary  places  of  assemblage. 
of  complete  aud  accurate  Hats  of  all  contagious  cases  reported,  and 
of  the  termination  of  other  such  cases  and  the  disinfection  of  pre- 
mises. ThLt  puts  such  persons  on  their  guard,  and  undoubtedly 
checks  the  spread  of  contagion. 

In  spite  of  the  enormoua  preponderance  of  evidence  in  favor  of 
vaccination,  we  cannot  deny  that  the  prevention  of  small-pax  is 
still  a  problem  for  local  boards  of  health.  I  say  local,  for  the  hand- 
ling of  small-pox  varies  so  greatly  in  different  communities  that 
the  efficiency  of  one  is  often  largely  nullified  by  the  neglect  nf  another. 
Here  again  is  a  strong  argument  for  centralization  of  disease-pre- 
venting and  sanitary  work  under  the  control  of  a  federal  bureau. 
For  example,  in  the  first  month.s  of  1902,  we  in  New  York  were  con- 
fronted with  an  outbreak  of  small-pox^  which  amounted  almost  to 
an  epidemic.    The  disease  was  equally  prevalent   in  other  eastern 
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tiU«8.  In  that  year,  by  vigorous  effort,  free  public  vacvin&tion  was 
perfonned  upon  nearly  25  per  cent  of  our  population  of  3^(M).(lOO 
ftiT90DS,  and  there  is  reason  co  belie\-e  thnt  private  vucL-inatiuiui 
mehcd  an  unusually  large  total,  due  to  the  alarm  of  the  inbabit- 
aaiB  over  their  danger,  which  was  purposely  not  nliayed  by  the 
lanllary  nuthoritiet*.  In  fuel  there  woa  a  genuine  [lublic  uvrokco- 
iog  to  the  need  of  vaccination. 

Oases  of  small-pnx  that  year  in  New  York  numbered  some  1900; 
the  next  yojir  they  fell  to  leas  than  100,  allliougli  the  disease  con- 
tinued very  prevalent  in  many  neighboring  cities  where  there  had 
beeai  no  determined  effort  to  stjunp  it  out.  One  result  of  thia  varia- 
tion in  practice  was  that  Hew  York  was  constantly  visited  by  spo- 
radic outbreaks  of  sraalUpox,  brought  from  other  cities.  Fully  half 
the  100  cases  in  lOWJ  were  either  of  inimigrantfl  newly  arrived  from 
Ekirupe  or  visitors  from  infected  cities  in  the  interior  of  the  United 
SUt«fl. 

I  believe  that  compulsory  vncrination,  so-caUed,  i«  not  nece^ 
suy  in  most  parts  of  our  land.  It  may  be  demanded  in  countries 
having  a  kas  intelligent  population  than  ours;  but  we  of  New  York 
have  found  that  we  ne*d(!d  only  to  arouse  public  opinion  on  the 
Deceasty  of  vaccination  to  secure  the  results  we  wanted  without 
iny  compulsion.  Vuccination  is  u  requirciiicot  of  entrance  into 
our  New  York  public  schools,  and  we  have  not,  in  my  rdMiileption, 
Eiad  a  eingle  case  of  «aia]]-pox  in  the  schools  bo  protected;  but 
(ompulsion  exercised  upon  adults  often  icrvcs  unn«co^»sarily  to  arouse 
public  feelinR  against  the  sanitary  autliorily,  and  gives  a  handle  to 
thoee  oetrich-like  ecomera  of  facts,  the  anti-vaccinatioaista. 

If  we  compare  the  variation  in  methods  of  contuglous  disease 
prevention  as  brtweco  the  large  cities  and  the  small  towns  and 
rarol  districts,  we  Gnd  that  in  the  latter  few  of  the  precautious 
taken  in  the  cities  are  cxercieted  in  tlie  country'.  This  results  from 
lack  of  proper  facilities  for  isolatioti.  and  this  lack  ih  liue  l»  public 
indifference  on  the  subject;  for  if  the  public  realised  how  much 
the  spread  of  di]icit.-<e  could  be  chectced  by  these  menus,  provision 
far  isolation  boKpitatg  and  competent  medical  inspectors  would 
be  one  of  the  lirft  items  of  ex))cndittirc  in  their  annual  budscts. 

As  it  is  now,  only  the  most  intelligent  of  our  secondary  pity  gov- 
emment:^  mtike  adequate  provision  for  their  contagioua  sick.  Many 
others,  of  course,  have  buildings  intended  for  that  purpose,  but 
these  buildings  too  ofteu  consist  of  mi.'^rable  shanties  in  the  outer- 
most confines  of  the  city  or  village,  and  the  inhabitant.'^  complete 
an  ill-conceived  work  by  calling  these  buildings  "  prst-hnusca " 
and  thus  bnindtng  them  as  places  of  horror  to  be  avoided  by  every 
possible  means.  Such  isolation  hospitals  destroy  the  value  of  pro- 
perty in  tbe  neighborhood. 


76 


PUBLIC  HEALTH 


I 
I 


I 


CoQtrost  such  places  with  vrell-ordered  isolatiou  hospitals  like 
tho!K!  inainlained  in  some  of  oor  saiiUlcr  eastern  ciiiea,  nutubly 
in  New  England,  and  the  observer  must  realize  that  patients  there 
treated  not  only  have  far  better  chaaces  for  recovery  thsii  if  kept 
in  tho  ordinary  home,  but  Ib&l  they  tease  to  be  a  source  of  danger 
to  the  community. 

Vutil  such  hnndling  of  conta^on  becomes  general  to  our  coun- 
try, ncBUgenl  communities  will  continue  to  nullify  the  eflorte  of 
those  which  take  proper  care  of  their  inhabitants.  If  the  stimulus 
to  such  action  came  as  an  order  from  a  federal  board,  having  juris- 
diction  and  punitive  powers  throughout  the  country,  Ihe  popular 
knowledge  on  this  subject  would  grow  moi*  rapidly,  (uid  the  popular 
conscience  would  be  more  quickly  awakened.  ■ 

Discovery  and  development  of  the  serum  treatment  for  certain 
infectioua  dieea«CE,  notably  diphtheria,  has  in  the  last  ten  years 
brought  new  problems  to  sanitary  officers,  both  in  practice  and 
reseitn^h.  It  may  safely  be  said  that  the  labors  uf  the  bacteriologist 
have  in  thiu  titiie  done  inor«  than  any  other  one  thing  in  the  pre- 
vention of  infectioua  disease.  Speaking  as  a  layman,  of  course,  1  am 
led  to  "believe  that  preventive  medicine  will  in  the  next  genera- 
tion make  its  greatest  progrL^s  along  the  lines  of  bacteriological 
research.  We  are  on  the  eve  of  still  more  important  discoveries  in 
this  direcliou,  and  it  would  not  be  rash  to  predict  that  serums  for 
the  successful  treatment  of  tuberculosis,  pneumonia,  and  scarlet 
fever  wilt  be  the  nesct  great  steps.  The  importance  of  such  results 
it  is  impossible  to  exaggerate. 

Consider  for  a  myiiieiU  the  bencficia.1  effects  already  attained 
by  the  anti-diphtheritic  ecrum.  I  may  cite  the  work  of  New  York 
City,  where  the  work  was  first  inirtituted  in  thi.s  country,  and  where 
it  has  been  most  highly  developed.  lu  1S93,  New  York's  eaee-fntal- 
ity  from  diphtheria  was  36.4  per  cent,  and  in  lSfl4  it  was  20.7  pcrB 
cent.  New  York  having  in  1S92  eRtahlished  the  first  bacteriolog- 
ical  laboratory  under  municipal  control,  the  preparation  of  eenitn 
for  diphtheria  treatment  was  begun  in  1894.  and  in  1895  the  distri-B 
liution  of  this  serum  was  begun.  It  was  given  free  to  nil  public 
iuetitutious  and  to  all  persona  who  certified,  through  the  attending 
physicians,  that  they  were  too  poor  to  pay  tho  price  charged  for  it, 
which  wa-1  fixed  at  a  point  only  high  enough  to  cover  the  cost  of 
manufacture  and  incidental  exj)ent<C8  of  the  laborator)*;  a  staff  of 
inedieul  inspectors  wu«  also  designated  to  administer  th«  sntitoxin 
free  ujwn  request  of  an  attending  physiciitn. 

In  that  year,  due  almost  entirely,  I  am  convinced,  to  the  use  of 
this  new  remedy,  the  case-mortality  fell  to  lO.I  per  eont,  and  it 
has  etpadily  dccrctised  until  in  1903  it  had  fallen  fn  II. 1  per  cent.  It 
is  now  tbo  practice  abo  to  administer  immunizing  doses  of  anti- 


PRESENT   PROBLEMS 


77 


I 


» 


loxin  to  healthy  members  of  a  family  having  a  case  of  diphtheria, 
ud  ill  ihe  last  eight  years  upward*  of  13,000  i>er»omi  bav©  been  eo 
iininuniz«ii  by  department  inspectors  and  family  physiciajis.  Of 
the  pwrBons  bo  immunized,  .3  of  one  per  cent  contracted  the 
Saaaae,  and  onccaM  terminatod  fatally.  Could  any  vtroDKcr  teeti- 
moay  than  theee  figures  be  offered  us  to  the  efBciency  of  diph- 
thoria  antitoxin  in  the  cure  and  prevention  of  the  disease? 

Naturally  enough,  such  rcaulta  have  led  to  the  eslabliahmeut 
of  other  laboratories  for  the  preparation  of  this  serura.  Some  are 
maintained  by  state  nuthorities,  notably  in  Massacbui<«tt8,  but 
the  larger  ones  arc  now  under  privutc  auspices. 

High  prices  are  charged  for  seruniH  by  manirfacturing  cbetnists, 
and  there  in  no  meanii  of  td^ing  their  efficiency  comparable  to  the 
records  of  public  laboratories.  It  therefore  would  Hcem  to  be  a 
n-AHooable  precaution,  in  the  intercat  of  the  pubhc  health,  that 
these  private  laljoratories  should  be  placed  under  strict  govem- 
menlftl  auperviaion  and  toiilrol,  if,  indeed,  the  manufacture  of 
Mninu  should  not  be  one  of  the  functions  of  a  national  board  of 
health,  organized  acrordiofc  to  plans  which  I  have  mentioned,  and 
which  are  by  no  means  novel.  Products  of  public  laboratories  might 
he  distributed  free  or  at  small  cost,  and  thus  be  made  far  more 
effective  in  the  prevention  of  disease,  while  control  of  the  labora- 
tories by  recognized  sanitan,-  authoritiea  woulii  be  a  more  satis* 
f»etory  guarantee  of  the  potency  and  uniformity  of  their  serum 
products.  A  highly  organiKed  governmental  laboratory  sen'ice 
would  also  offer  splendid  opportunities  for  research  work  in  a  field 
the  enormous  iniportancc  of  which  few  people  are  yet  in  a  pontton 
toiGftlize. 

One  of  the  most  hopeful  signs  of  progress  in  popular  apprecia- 
tion of  sanitary  endeavor  is  the  general  interest  now  nwakeninj; 
in  methods  for  Ihe  prevention  of  tubercula<uR.  Medical  men  are 
everyiivhere  agitating  for  better  facilities  to  fight  this  diseaiMj,  the 
worst  enemy  of  the  hum»»  race,  and  lay  associntions  are  taking 
Steps  to  eetabliah  sanitariunui  for  the  reception  of  patients.  This 
trork  Is  a  stupendous  one,  and  we  have  thus  far  only  touched  its 
edge.  nff«rt.-<  to  discover  a  scnim  for  the  cure  of  the  di»ea»e,  though 
thus  far  disappointinf:;.  have  already  much  incToascd  medical 
knowledge  of  the  subject. 

It  is  not  euminh  that  the  world  should  wait  on  the  researches 
of  the  bacteriologist.  Our  cities  are  full  of  eonsumptivca,  sprcftd- 
ing  infection  among  their  fellows  in  spite  of  all  efforts  of  the  sani- 
tary' authoritieii  to  instruct  them  in  personal  preenution.i.  We  m»ist 
have  sanitariums  and  hospitals  of  large  capacity  for  the  reception 
of  cases  in  all  stages  of  the  disease.  Thp  eait  will  lie  great;  but 
taberculosis  claims  most  of  i\s  victims  at  a  lime  wbeu  their  use- 
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fuloess  in  industrial  pursuits  is  greatest,  aud  it  cau  be  amply  proved 
that  tbo  cost  of  their  care  and  euro  would  Ijc  »inull  iiidocU  in  com- 
porisoD  with  tlie  \oss  the  community  Nuffen  by  bein^  deprived  of 
their  servioes.  Money  spent  in  erecting  and  m&'mtaiulng  sanitarium? 
would  be  saved  io  almshouses  and  orphan  asyluDts. 

KvflD  when  such  i)lHreB  of  reception  for  consumptives  are  afforded 
in  anything  like  suffioienl  oieaaure,  there  vnU  etiU  be  a  large  class 
of  infected  wa};e-earDers  who  cannot  leiivc  their  regular  occupation 
becauF>e  (heir  earnings  are  needed  to  support  dependent  membera 
of  the  family.  For  all  euch  the  sanitary  authoiitiea  must  exercise 
greater  care.  This  is  one  of  the  gre«t  objects  in  improving  the 
conditions  of  labor,  the  ventilation  and  saniLation  of  factories  and 
workshopB.  and  the  improvement  of  the  tenementa  in  irhtch  people 
of  this  class  are  forced  to  live.  Equally  must  the  conditions  aur- 
rounding  child  labor  be  the  subject  of  Btill  further  invesUgaUon 
and  regulation. 

Development  of  the  cognate  science  of  vital  statiatics  is  higlily 
important  in  the  study  of  methods  for  the  prevention  of  disease. 
It  helps  to  measure  progress  and  point  out  the  next  steps  neces- 
sary. But  its  aim  is  of  course  far  wider  than  this;  the  record  ob- 
twned  by  this  registration  system  are  of  basic  importance  not  only 
to  the  sanitarian,  but  to  the  student  of  sociologj*  in  all  the  rami- 
iientions  of  bw  work,  in  political  economy,  geographical  race  di.t- 
trihution,  education,  etc.  Add  to  this  their  importance  in  private 
affwrs,  where  they  are  often  the  final  arbiters  in  disputes  over  titles 
and  inheritance,  and  wc  have  ample  reason  for  Ufiing  the  pro- 
ceeds of  taxation  liberally  in  developing  the  work  of  the  %'ital  statis- 
tician. 

In  no  iTapect  have  the  powers  and  responsibilities  of  boards  of 
health  developed  more  in  the  Iftst  generation  than  in  the  regtila- 
tion  of  public  nuiHiinccB.  I  refer  particularly,  of  course,  to  the  regu- 
lation of  nuisances  in  cities,  because  the  increase  of  population  in 
TMtlieted  areas  in  cities  has  in  itself  created  new  sources  of  nui- 
eaitce  and  brought  new  problems  for  solution  by  the  sanitarian. 
The  greater  demand  for  comfort  in  city  life,  aud  the  realization 
that  the  public  health  is  in  lA-ge  measure  dependent  upon  a  re- 
striction of  many  things  which  In  the  past  have  made  for  discomfort, 
have  led  to  the  institution  and  enforcement  of  a  new  body  of  sani- 
tary ordinances  of  a  scope  not  dreamed  of  even  as  recently  as  twenty 
years  ago.  These  have  almost  revolutionized  sanitary  practice 
and  have  added  enormously  to  the  powers  and  duties  of  sanitary 
officera. 

It  is  noteworthy  that  the  public  demand  for  relief  In  thm  direction 
has  greatly  expanded  the  list  of  nuisances  which  hfl\-e  been  placed 
under  sanitarj-  control.    To  the  duty  of  protecting  the  public  hciJth 
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has  been  added  that  of  prolectiag  the  public  comfort.  For  example, 
1  imagiuft  it  would  be  very  difficult  for  Banitary  officers  to  provfc  on 
the  tri&l  of  e\'ery  case  tb&t  a  amoke  nuisanoe  \a  directly  injurious  to 
the  public  health;  yet  so  strong  is  public  opinion  in  favor  of  enforce- 
ment of  this  ordiiiaDc«  tbtit  the  sanitary  autborities  who  proceed 
vigorously  under  it  have  little  difficulty  in  BUpprc&aLug  such  nui- 
luces,  even  wben  the  prosecutioa  of  offenders  reaches  the  munici- 
pal courta. 

This  is  all  a  very  new  development  in  Bsnitary  practice.  The 
growth  of  manufacturing  by  steam-power  in  large  cities  has  greatly 
iocreascd  the  use  of  coal  in  boiler  plants  of  large  capacity.  Of  lale, 
heefttlM  of  the  bigher  price*  for  anthracite,  tbe  vac  of  bituminous 
cm)  for  manufaclurinK  purposes  haR  come  into  vogue.  Imperfect 
combustion,  the  result  of  careless  firing,  creates  a  nuisance,  Hup- 
preaaioD  of  this  nuisance  should  not  be  confined  to  arrest  and  puii- 
isbment  of  the  offenderR;  inittructioD  in  means  to  avoid  nuisance 
should  accompaay  it. 

Akin  to  the  smoke  nuiitancc  is  that  from  dust.  Bacteriological 
iludy  has  shown  conclusii'vly  that  dust  is  a  carrier  of  diseafie-germs, 
tod  therefore  a  menace  to  public  health.  Here  is  the  greatest  argu- 
■aent  for  clean  streets  and  for  improved  methods  of  cleaning  them, 
la  the  Now  York  tenement  dtstricta  we  have  bad  great  succeBs  from 
the  funeral  use  of  asphalt  pavement,  which  can  be  washed  with  a 
tioee,  and  so  cleaned  without  rtkisinK  dii8t.  The  gr«'ut  thing  io-getting 
nd  of  dust  i£  not  to  moix  it  but  to  remove  it.  This  applies  to  the  duet 
problem  in  houses,  and  in  theaters,  schools,  churches,  and  all  other 
places  of  public  nssetobly.  Such  placets  in  New  York  were  a  year  or 
iBfO  ago,  under  our  instructions,  first  brought  under  general  sanitary 
inspoction.  with  exrcllent  and  rather  remarkable  resultB,  confiider- 
iog  bow  large  a  number  of  orders  we  had  to  issue  to  have  tlieni  put 
in  proper  sanitary  condition.  This  work  may  bo  well  adapted  to  a 
couni-lcas  number  of  public  and  Eemi>public  buildings  in  cities,  for 
the  places  which  every  one  year  after  year  atutumes  to  be  in  fairly 
good  condition  are  often  the  ones  which  really  demand  most  careful 
attention  from  the  .sanitary  authorities!. 

A*  a  vehicle  for  llie  t  ransniisRion  of  the  germa  of  tuberculosia,  dust 
in  places  of  public  occupancy,  like  railway  and  street-railway  can 
and  fcrry-boala,  should  be  riKurously  fought.  The  malting  and  car- 
pete  upon  the  floors  of  public  conveyances  are  sources  of  danger, 
and  should  either  be  done  away  with  entirely  or  cleaned  and  fumi- 
gated at  frequent  intervals.  Our  American  habit  of  spitting  ewry- 
where  but  in  proper  receptacles,  undoubtedly  conveys  infectious 
dJMOse,  nnd  every  city  should  pass  and  enforce  an  nnti-spitting  ordi- 
nance. Xew  York  baa  had  a  course  of  public  education  in  this  respect, 
the  nuisance  is  very  greatly  reduced,  although  huudrvda  of  mea. 
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some  of  them  inteUigeDt  enough  to  kiiow  better,  ligiirc  in  the  police 
courts  every  year  as  priiioaors  oa  this  account. 

Noise,  as  an  element  of  public  nuis«iiice,  demands  increased  atten- 
tion from  the  sanitary  officer.  Its  injurious  effect  oq  the  health  of 
iadivi<hiii]9  is  beyond  quejition.  But  the  ttuthoritics  must  distin- 
guish carefully  an  to  whetlier  a  particular  noiee  is  a  public  or  merely 
a  private  nuisance,  and  whether  it  is  a  necessary  concomitant  of  somc- 
lliiug  uf  public  utility. 

Noise  nuisances  in  connection  with  public  utiUtiea  arc  in  some 
sense  necessary.  In  cities  the  trolley-car  is  often  a  source  of  nuisance 
to  ibeiiihabilantsufthcatrcctathrouKh  which  it  pttfises,  due  to  exces- 
sive ringing  of  belle_.  ami  the  openUioti  of  cars  K-ith  unevenly  worn 
wheels.  Both  these  nuisances  can  be  minimized,  either  by  calling  the 
attention  of  the  railway  operators  to  thcni.  or,  failing  relief,  by  prose- 
cution in  the  courts.  The  use  of  flat-wheeled  cars  is  as  much  a,  wiist* 
of  power  and  equipment  as  is  imperfect  combustion  of  fuel,  and,  in 
the  interest  of  the  public  IicfiUh,  ahould  be  suppreased  with  equal 
severity. 

Offensi\'e  and  dangerous  trade-S  also  cnll  for  attention  by  the  sani- 
tary authorities.  Moat  cities  whiL-h  have  given  proper  care  to  this 
Buhjcct  h!i\-c  rentricted  their  offensive  triLdos.  auch  as  slftughter- 
housee,  gas-plants,  and  the  like,  to  certain  area-t,  and  allowed  their 
o|>eration  only  under  perniit  from  the  board  of  health,  revocable 
for  violation  of  the  siinitary  ordinunce.  This  system  apiioan*  to  work 
very  satisfactorily  for  the  public,  w  long  as  the  sanitary  officers  are 
neither  negligent  nor  venal. 

It  i-«  iin  inliTcsting  fact  in  connection  with  the  handling  of  nui- 
sances of  this  class  that  many  improvements  demanded  by  the  sani- 
tary authorities,  BUch  as  the  iiu-losing  of  rendering-vats  to  prevent 
the  escape  of  ill-t^melling  vapors  or  the  collection  and  removal  of 
nuiaaiico-making  liquid  refuse,  have  In  themsolvee  resulted  in 
chcapcninK;  manufacture;  the  discussions  of  methnd.s  for  the  innocu- 
ous removal  of  such  waste  matter  has  opened  the  way  for  its  profit- 
able employment  for  the  making  of  one  or  more  of  the  numorouB 
by-products  out  of  which  large  profits  are  gained. 

These  re-sulta  miglil  never  Have  been  achieved  without  the  oor- 
rcctional  action  of  the  authorities. 

Tlie  time  has  passed  for  the  establishment  of  any  of  the  so-called 
offensive  Irailea  within  the  b»iili-up  portions  of  cities.  Existing 
plants  should  be  gradually  ^emo^'cd.  with  due  regard  to  the  vested 
interests  involved,  and  no  more  should  be  allowed  to  come  in.  Rwl- 
way  transportation  of  dressed  beef  has  become  so  general  that  there 
18  no  longer  any  excuse  for  the  building  of  slaughter-houses  in  east- 
ern cities.  Not  only  is  this  best  on  economic  grounds,  but  the  trans- 
portation of  live-Btock  for  longer  distances  thau  absolutely  necessary 
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is  to  be  oppoited  on  medical  ujid  hunianitu.rian  grounds.  Neither  n 
there  any  reason,  but  the  inertia  of  their  owners,  for  the  maintenance 
of  mauiifaclurmg  pUnt8  iu  thv  midiit  of  cities,  und  lh<;ir  e^titblislw 
raent  should  be  vigorously  opposed  by  the  sanitary  authorities. 

The  fio-called  dan^rous  trades  offer  a  field  thus  far  little  n-orkcd 
by  the  .sanitarian  tn  this  country,  although  the  subject  bus  hud  much 
atC«ittoit  abroad.  Here  we  have  hardly  any  legislatioo  under  which 
the  lianitary  authoriti<'s  rnn  take  mdical  action  to  safeguard  the  life 
and  health  of  jxTSMmi*  employed  in  those  trades,  and  tlK-refore  they 
may  hardly  be  said  to  be  under  official  control.  Tliere  are  many 
tradoB,  however,  in  which  the  ordinary  processes  of  manufacture 
induce  disease,  and  others  al-w  which  offer  means  for  the  spread  of 
tufectiOD.  All  will  repay  study  by  the  sanitarian,  with  a  view  to 
remedial  legislation. 

Jurisdictioa  of  boards  of  health  over  public  supplies,  such  as  water 
•nd  milk,  is  al^(^ady  well  developed  in  some  states  and  cities,  and 
murh  valuable  work  hum  been  done  in  respect  to  the  sanitary  purity 
ol  these  neces8uriet(  of  life.  Negligence  by  the  publin  authorities, 
boirever,  is  still  resulting,  year  by  year,  in  outbreaks  of  typhoid  and 
other  enteric  troubles  communicated  in  impure  wator  or  milk.  For 
evidence  of  this  we  have  recent  typhoid  epiilemies  in  Ithaca  and 
Watcrtown,  New  York,  and  Butler,  Pcnnsj'lvftnia. 

The  very  rapid  growth  of  uur  cities  and  towns  and  the  improper 
di^Mwalof  their  stewage  ore  cauiung general  pollution  of  many  water- 
iourec«,  and  making  it  more  difficult  cither  to  find  pure  wnt^'r^isup- 
plics  or  to  keep  cxi^tinf;  supplies  safe  from  infc('tion.  The  only  remedy 
for  this  increasing  menace  is  filtration,  and  that  oti  a  large  scale  and 
under  conptant  wipervisioo  by  sonitRriftDS  and  bacteriologiBts.  This 
work  is  very  custly,  but  its  nmintenance  after  the  inslallalion  is  com- 
plete will  amply  repay  the  expense,  in  the  sa^•ing  of  life  and  the 
pTOHETAtion  of  health,  l-^ually  important  are  preoautinns  for  the 
treatment  of  sewage.  Bacterial  purification  of  the  liquid  refuse  of 
cities  and  towns  is  now  coming  into  use,  with  salutary  elTect;  but 
too  often  municipalities  which  have  installed  such  systems  imagine 
that  their  work  is  done,  when  in  fact  such  inetliods  of  sewage  dis- 
posal require  coostaat  expert  attention  in  order  to  insure  their  maxi- 
mum effieieoey. 

TIiorouKh  sanitary  control  of  watersheds  involves  not  only  the 
iem<jval  therefrom  of  all  posable  sources  of  infection  and  the  prepara- 
tion of  reaer\'oir8  by  the  climJnotion  of  all  decaying  vegetable  mat- 
ter; there  is  also  demanded  an  efficient,  unremitting  inspection  of  all 
sources  of  water-supply,  with  frequent  <hemicaJ  and  bactvriulof^ical 
examination  of  the  water  itself.  Statistics  gathered  in  the  course  of 
such  invest  igatiuni^  are  all-important  in  tracing  the  nature  and  sources 
pollution.    The  extcnaioa  of  exieting  watersheds  and  the  taking 
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of  new  ones,  to  meet  the  denmnd  fi)r  more  water  due  to  the  growth  of 
our  ciliea,  moke  such  luvestigationa  imperative  for  the  nmiiitennnce 
of  the  public  health.  Cooperation  between  state  and  muiijeipftl  .-m- 
thorities  to  this  end  has  aln;ady  been  productive  of  much  benefit, 
imd  for  thJd  renson  it  Is  highly  important  that  i)w.tte  two  divisions 
of  aanitary  workers  should  oporate  iu  accord;  even  better  results 
might  be  achieved  if  they  could  be  cocniinated  under  Uie  contml 
of  a  iiatioua]  sauitury  body. 

Bacteriological  di^clusures  of  the  Imosmisflion  of  discaflc-gcriTLs  in 
milk,  and  of  the  dangers  resulting  from  impro]>er  hnndling  of  thid 
product,  have  brought  it  more  firmly  under  soaitary  supervision. 
The  first  step  in  the  citicii,  of  course,  wne  to  bring  all  milk-dcaleriii 
within  the  control  of  the  board  of  health  by  prohibiting  the  sale  of 
milk  without  a.  permit.  The  next  was  to  revoke  permits  n-ben  milk 
found  on  snie  M\  below  the  sta-udnrd  adopted.  It  wan  frequently 
found  that  the  retailer  was  the  innocent  \-ictim  of  an  unscrupuloui; 
wholeHaler  or  ehipper,  consequently  it  became  necessary  for  the 
municipal  t^unittiriun  to  reach  out  into  the  counlrv  districts  and 
inveatigitte  the  conditions  at  dairy  farms.  With  the  investigation 
went  some  instrurtion  in  methods  of  producing  clean  milk,  by  which 
th«  honest  fu-rrner  tniglit  profit.  The  estithiLshmcnt  of  model  dairy 
farms  by  men  of  wealth  has  also  taught  by  cxjimple,  and  the  high 
prices  obtainable  in  city  markets  for  high-grade  milk  have  stimu- 
latftd  (he  farmer  to  continually  greater  effort.  With  this  campaign 
of  education  baa  come  a  demand  on  the  raiUvays  for  the  proper  icing 
of  milk-cans  in  transit. 

Milk  is  a  most  favorable  medium  for  the  propagation  of  germ-life, 
eapcciftlly  at  (emporaturc  above  50°  Fahrenheit.  In  this  condition 
it  ia  oflfm  found  to  have  s  toxic  effect,  particularly  when  used  for 
infant  feeding;  conaequently  failure  on  the  part,  of  the  .ianit.a.ry  au- 
thorities to  prevent  the  Bale  of  sueh  milk  has  the  ifiimcdiato  and  direct 
result  of  adviini-ing  the  rate  of  infant  mortality. 

Regulation  of  the  sale  of  other  foodstuff.i  haa  been  less  highly 
developed.  In  some  centres  there  has  been  established  a  fairly  effi- 
cient system  for  the  inspection  of  beef  cattle,  but  there  is  no  doubt, 
that  the  meat  of  tuberculnus  animaU  is  sold  in  considerable  quantity 
in  all  our  large  cities.  Scientists  have  not  yet  definitely  determined 
whether  or  not  tuberculosis  ean  be  thiiM  transmitted  to  human  beings, 
hut  there  Js  still  adequate  reaBon  why  the  sale  of  infected  beef  should 
be  absolutely  stopped  and  the  sellers  punifhed. 

The  danger  of  typhoid  infection  through  the  medium  of  slicll-fish 
is  now  so  well  established  that  we  need  have  no  qtieslion  of  it  at  this 
late  date.  No  more  clean-cut  ioBtancc  of  this  can  he  foimd  in  all 
medical  history  than  in  the  epidemic  of  t\*pUoid  fever  at  Wesleyan 
University  ten  yea-ra  ago.  Investigation  by  Professor  Conn  and  others 
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ed  conclusively  that  the  disease  had  itti  origin  in  Fair 
B^ven,  where  the  oysters  eaten  by  these  WeKleyan  students  had  been 
fattened  in  an  infected  stream.  It  may  be  noted  aJso  that  recent  e\~ 
pwimejita  in  tha  bacteriolopcal  bboratory  of  the  New  York  Depart- 
at  of  Health  have  t<*nded  to  show  that  the  icing  of  infected  ehell- 
doc«  not  destroy  the  virility  of  the  germ-life  therein. 
With  these  facts  accepted,  what  excuses  the  eanitarian  from  mnin- 
tainitig  a  most  careful  supervision  over  the  culture  and  .sale  f>f  .-thel!- 
foh?  Kepccial  attention  should  be  given  to  the  so-called  "fattening" 
proce«,  which  in  most'  often  conducted  in  the  bracki»h  waters  of 
fllmuns  adjacent  to  tidewater.  The  liability  to  infection  in  KUch 
Wftten  is  too  ohvious  for  ailment,  and  the  fattotting  process  should 
titbcr  be  stopped,  or  restricted  to  locatinns  where  there  is  no  danger 
of  poltutioD. 


I 


An  important  field  is  now  (ipening  to  the  sanitarian  in  the  in- 
gf  manufar^tured  food-products.  The  extent  to  whic^h 
I'^^lduHeration  ^nd  substitution  is  now  practiced  would 
be  abeolutely  incomprchcnnblc  to  the  layman.  Competition  in  trade 
has  become  so  keen  and  the  subetitution  of  inferior  constituents  in 
foods  eo  general  that  the  honest  manufacturer  has  hardly  a  chitnce 
to  succeed.  Even  to  name  a  small  part  of  the  many  frauds  of  thla 
character  woidd  consume  more  than  the  time  allotted  to  this  paper- 
The  use  of  injtirious  preservatives  has  al.vi  l>epn  practiced  to  a 
fcandalous  extent.  The  only  remedy  for  Ibis  evil  condition  will  ba 
the  passage  and  enforcement  of  a  federal  pure  food  law;  such  a 
measure  has  already  been  before  Congress,  hut  in  the  absence  of  aa 
urouMd  public  opinion,  the  mysterious  influences  which  bar  tha 
way  of  much  Kood  legielation  at  Washington  have  been  able  to  kill 
it.  Several  of  the  states  already  have  pure  food  law.^i.  and  a  begin- 
luiig  has  been  made  under  them,  but  this  reform  nill  only  come  after 
one  of  the  longest  and  hardest  fights  which  the  public  sanitarian 
has  ever  knon-n. 

Much  the  same  opportunity  is  offered  in  a  campaign  agninst.  tha 
vender  of  patent  medicines  and  secret  nOKtrums,  Few  people  undor- 
rtaod  the  extent  to  which  iJiflse  articles  undermine  the  public  health, 
and  there  hss  been  little  or  no  attempt  to  assume  otHcial  control 
over  their  prorhiction  and  sale. 

These  nostrums  are  of  several  kinds.  Some  of  them  are  prescrip- 
Unns  which  have  been  commercialized  by  some  sharp  business-man, 
with  all  the  help  of  advertising  and  guarantees  of  the  remedy  aa 
B  "cure-all."  Giiilible  people,  who  seem  to  be  legion,  are  led  into 
the  error  of  imagining  that  all  diseases  of  the  same  general  descrip- 
tioQ  will  yield  to  ihc  same  remedy:  they  fail  to  recognize  the 
important  factor  of  idioHv-ncrasy,  and  the  result  is  that  nine  out  of 
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evory  ton  persons  using  such  a  remedy  are  not  ht)ped  and  may' 
injured  In  health,  as  they  surely  are  in  pocket. 

In  this  clues  of  nvstrums  must  be  ranked  the  various  headache 
powdere,  now  for  sale  everywhere.  AlniuKt  invariably  thcee  contain 
dru|{H  which  should  only  be  preachbed  by  phyKiciuns,  and  then 
only  W)ih  extruinc  cuutiua. 

In  another  kind  of  nostrums  the  active  principle  is  some  powerful 
drug  or  gtimulant,  the  use  of  which  speedily  becomes  a  vice.  Fur 
example,  nmny  »o-ciUlcd  caturih  cures  have  cocaine  as  their  active 
agent;  others,  again,  which  are  adverti^il  t.o  rure  every  ill,  or  to 
break  the  user  of  the  liquor  habit,  are  loaded  wilh  alcohol,  which 
produces  a  paasing  alimulotion,  but  leaves  the  patient  in  worse 
Btatc  than  before.  All  these  are  swindles  of  tho  most  dangerous 
chajacter,  and  it  is  the  plain  duty  of  the  public  health  officer  to 
secure  their  8upi}rCHsiOQ. 

The  i»(!iciiil  chemist  is  called  upon  also  to  invesligafce  and  stop 
the  BJilo  of  impure  and  substituted  drugs.  It  is  not  loo  mucli  to  say 
that  the  drug  trade  is  flooded  with  siirh  deceptions  on  which  the 
public  is  being  worse  defrauded  year  by  year,  us  the  evil  grows, 

Tlic  remedy  is  official  control.  Makers  of  patent  tnedleinea, 
nostrums,  pills,  etc.,  should  be  required  to  place  upon  each  bottle 
or  packet  the  exact  ingredients  it  contains,  ami  should  be  prose- 
cuted for  any  deviation  which  can  be  shown  to  be  detrimental  to 
the  health  of  persons  using  the  remedy,  or  designed  to  perpetrate 
upon  them  a  commercial  fraud.  Further,  the  Federal  Government, 
or  local  boards  of  health,  or  both,  should  institute  a  division  for  the 
inspection  of  these  goods,  and  for  a  more  careful  gt^neral  inspection 
of  pliarmaciee,  to  determine  whether  all  compomidersof  pre-tcriptions 
are  duly  licensed,  whether  a  record  is  kept  of  all  poisons  sold,  sod 
whether  the  drugs  there  offered  to  the  public  arc  pure  and  not 
.sulistituted.  To  start  a  work  of  this  kind  will  mean  a  tight  all  along 
the  line.  The  manufacturers  of  nostrums  and  adulterated  drugs  are 
a  very  wealthy  and  powerful  class  in  the  community,  and  they  will 
oppose  all  remedial  legislation  to  the  uttermost.  The  only  thing 
they  cannot  stand  against  is  aroused  public  opinion;  and  the  sani- 
tary officer  must  see  that  an  intelligent  public  opinion  on  this 
important  question  shall  bo  created. 


.\ny  discussion  of  the  present  problems  of  the  sanitarian,  however 
brief  and  superficial,  would  be  incomplete  without  some  mention  of 
the  au.\iliary  forces  at  work.  Chief  of  thei*e  is  the  wide  and  groiring 
public  interest  in  sanitary  problems  and  the  evident  desire  of  muni- 
cipal and  village  communities  cvcr>'where  to  leam  and  apply  the 
most  ralionul  and  effttitive  methods  to  their  particular  circum- 
stances and  HituatiuQ.    When  ^ve  recall  that  men  still  in  the  prime 
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of  life  saw  the  beginnings  of  municipal  sanitation  in  the  United 
States,  we  must  realize  the  great  progreas  that  has  been  made. 

It  is  not  conceivable  that  we  shall  stop  with  this  degree  of  attain- 
ment. All  the  great  sanitary  questions,  the  prevention  of  disease 
and  nuisance,  the  promotion  of  municipal  cleanliness,  the  disposal 
of  sewage,  the  utilization  of  wastes,  and  a  score  of  other  problems 
which  might  be  mentioned,  are  still  in  their  infancy,  and  the  handling 
of  them  fifty  years  hence  will  make  our  present-day  methods  appear 
almost  prehistoric.  In  all  this  progress,  the  phj'sician,  the  bacteri- 
ologist, the  chemist,  and  the  sanitary  engineer  will  combine  their 
efforts,  and  the  public  opinion  will  support  and  aid  them. 

Such  a  body  of  public  opinion  is  now  being  educated  in  our  schools, 
where  the  physician,  the  nurse,  and  the  sanitary  inspector  are  object- 
lessons  in  municipal  hygiene;  in  the  literature  of  the  day,  which  is 
giving  especial  attention  to  sanitation  in  its  broadest  sense;  and, 
not  least,  in  the  numberless  voluntary  associations  in  which  public- 
sphited  citizens,  prominently  the  women,  are   striving  to  correct 
municipal  abuses  and  aid  the  sanitary  authorities  in  estabishing 
a  higher  standard  of   public  health.    With  such  duties  and  such 
uds,  continued  progress  is  imperative  and  sure. 


SHORT  PAPERS 

Dr.  Arthcb  R.  Retkoldb,  Commissioner  of  Health,  City  of  Chicago,  pre- 
sented a  paper  containing  a  plea  for  twelve-hour  milk,  in  which  was  diBCuased 
the  fact  that  ia  all  state  laws  and  city  ordinances  not  a  word  is  contained  as  to 
the  Age  of  the  milk  which  ia  sold. 

Db.  J.  N.  HuRTT,  Secretary  of  the  State  Board  of  Health  of  Indiana,  pre- 
sented a  paper  to  this  Section  on  "Dust,"  and  its  promotion  of  infectious  dis- 
eases. 
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Tae  great  science  of  preventive  medietue  is  often  called  upon  to 
cMisidcr  new  policies  of  public  sanitation,  which,  whether  they 
ultimately  prove  succcisftil  or  not,  are  alway.i  of  jirofound  Interost 
■od  importance  to  mankind.  Quite  recently  a  new  measure  of  thia 
kind  has  been  proposed,  which  in  the  opinion  of  many  prfjniises  to 
nnk  with  house-sanitation  and  preventive  inoculation  ns  a  means 
dsaving  human  life  on  a  large  scale.  Uufortuiiately,  its  value  has  not 
ytt  been  clearly  denionstnitetl  —  with  tho  result  that  it  is  not  being 
Bnployed  as  largely  as  some  of  us  hoped  would  be  the  case.  I  feel, 
liiercfore,  that  I  cannot  better  acknowledge  the  honor  you  have 
(lone  me  la  Inviting  me  to  address  you  to-diiy  than  by  attempting 
todiseusa  this  important  theme  —  in  the  hope  that  the  discuseion 
nay  prove  profitable  to  the  cause  of  public  health.  The  new  sani- 
l*iy  policy  to  which  I  refer  is  that  which  nims  at  the  reduction  of 
4!Kue-b^Ting  insects,  eepeci&lly  thoee  which  are  the  disseminating 
»Crai»  of  malaria,  yellow  fever,  and  filariaas. 

I  presume  that  it  is  scareely  necessiiry  to  discuss  the  evidence 
thich  has  established  the  connection  between  various  Jneccta  and 
anhropods  and  many  diseaflcs  of  man  and  of  animals.  The  fact  that 
tlie pathogenetic  parasites  which  produce  ihosp  great  scoiirp*^  of  the 
tfOfiieft  just  mentioned  are  eanicd  by  gnats  ia  now  too  well  known 
to  require  reiteration.   It  is  necewtary  only  to  remind  you  that  the 
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gnat  Bctfi  as  an  int«rnie(liary,  becoming  infected  whon  biting  iiiToctod 
l)eraoii8  and,  some  weeks  later,  in/ettiug  healthy  pergnns  in  its  turn 
—  the  parasite  passing  alterautely  from  inst^ct  to  umii.  The  hypo- 
thews  that  the  infection  in  these  diseases  niay  bo  produced  in  any 
other  manner  than  by  the  bite  of  gnats  baa  not  been  justified  by 
»ny  recorded  experiments  or  by  tuiy  substantial  arguments;  and  we 
may,  therefore,  aaaume  for  the  present  tliat  if  we  could  extenrunato 
the  intermediary  agents,  the  gnats,  in  a  locality,  we  could  also 
cxtenniniite  there  the  diseases  referred  to.  But  here  we  enter  upon 
ground  w*liich  in  the  opinion  of  many  is  much  less  secure.  While 
some  bcliovc  in  the  pnssibiUty  of  reducing  gnats  in  given  lorulities 
and  eonsider  thai  the  point  has  been  proved  by  exjieriment,  others 
are  much  more  skeptical  imd  hold  that  the  experiments  w-ere  not  m 
sound.  This  sljtle  of  uncertainty  naturally  causes  much  hesitation 
in  the  adoption  of  meaaures  against  gnats,  and,  therefore,  possibly 
B  continued  loss  of  life  by  the  diseases  oecaeioncd  by  them;  and  I, 
therefore,  propose  to  nift  the  matter  as  carefully  as  lime  will  allow. 

la  the  first  place,  we  should  note  that  experiments  made  in  this 
connection  have  not  been  very  satisfactory,  owing  to  the  fa«t  thai 
no  accurate  method  has  yet  been  found  for  eMiuialiiig  the  number 
of  gnats  in.  any  locality.  We  can  express  our  personal  imprtsEions 
as  to  their  numbers  being  small  or  large;  but  I  am  aware  of  <no 
criterion  by  which  we  can  express  thtise  numbera  in  actual  figures. 
We  cannot  anywhere  state  the  exact  number  of  moequit-oes  to  tho 
square  mile  or  yard,  and  we  cannot,  therefore,  ttccurately  gauge 
any  local  decrease  which  may  have  resulted  frtim  operatioua  against 
them.  A  method  of  doing  this  may  be  invented  in  the  future;  but 
for  the  present  we  must  employ  another  means  for  resolving;  th© 
problem — one  which  has  given  such  great  results  in  physics  — 
namely,  strict  logical  deduction  from  ascertained  premises. 

As  another  preliminary'  we  should  nnte  that  mosquito-redUction 
is  only  part  of  a  larger  subject,  namely,  that  of  the  local  reduction 
of  any  living  organiems.  Unlike  particles  of  matter  (so  far  as  we 
know  them)  the  living  nnit  cannot  progress  through  space  and  time 
for  more  than  a  limited  distance.  The  diffusion  of  living  unils 
mufit,  therefore,  ho  circumscribed  —  a  number  of  them  liberated 
at  a  given  point  will  neN-cr  he  able  to  pass  beyond  a  certain  distance 
from  that  point;  am!  the  laws  governing  this  difTusion  must  he  the 
same  for  all  organisms.  The  motile  animal  is  capable  of  propelling 
itself  for  a  time  in  any  direction;  but  even  the  immotile  plant  calls 
in  the  agency  of  the  winds  and  waters  for  the  dissemination  of  its 
needs.  The  extent  of  this  migration,  whether  of  the  motile  or  tho 
immotile  organism,  must  to  a  large  degree  he  capable  of  deteirmina- 
tion  by  proper  annlysin;  and  the  logical  position  of  the  question  of 
local  reduction  depends  upon  this  analysis. 
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The  life  of  gnat«.  like  that  of  other  animals,  is  governed  by  fixed 
bw8.  Propafiation  ciin  nOA-cr  cxe<?cd.  nor  morlwlity  full  below.  c«riaio 
MtB.  Local  conditionR  may  be  favorable  either  to  the  birth-rate 
or  to  the  death-rate;  and  the  local  populHtion  must  depend  upon 
tbe  (ood-Mtipitly.  Oimases,  predatory  imitniiU,  unfitvorable  condi- 
tions, and  wcidents  deproas  the  density  of  population ;  and  in  fact 
loctd  reduction,  that  is,  artificial  depression  of  the  dcn^ty  of  popu- 
lalioQ,  prftfticidly  resolves  itself  into  («)  direct  destruction  and 
I*)  artificial  creation  of  ujifavorable  conditions. 

Let  H8  now  endeavor  ^o  obtain  a  perfectly  riear  picture  of  the 
pnUcm  before  us  by  imagining  an  ideal  rnfle.  Suppose  lh»l  ive  have 
to  deal  with  a  country-  of  indefinite  extent,  every  point  of  which  is 
equally  favorable  to  the  propagation  of  gnats  (or  of  any  other 
uimal) ;  and  suppose  that  every  point  of  it  is  equally  allrnctive  to 
Item  aa  regard?  food-supply;  and  that  there  is  nothing  —  such  for 
iditance  na  steady  winds  or  local  enemies  —  which  tends  to  drive 
them  into  ccrt-aln  parl^  of  the  countrj-.  Then  the  density  of  the  gnat 
population  will  be  uniform  all  over  the  country.  Of  course,  such  a 
rtate  of  thinip*  dne<<  not  actually  exist  in  nature;  but  vre  shall  never- 
tlielees  find  it  useful  to  consider  it  as  if  tt  does  exist,  and  shall  after' 
wards  Oaitily  determine  thu  variations  from  this  ideal  condition  due 
lo  definite  cauwit.  Let  us  next  iielect  a  circumscribed  area  within  this 
Montry,  and  suppose  that  operations  against  the  insects  are  under- 
taken innde  it.  but  not  outside  it.  The  question  before  we  is  the 
followins:  Hour  far  will  them  operations  affect  the  rao^uitu-denKity 
within  the  area  and  immediately  around  it? 

Now  the  opcnitiorn*  tii«y  belonfi  to  two  categories  —  those  aimed 
at  killing  the  insc<!ts  within  the  area,  and  those  aimed  at  checking 
Iheir  propagation.  The  first  can  never  be  completely  successful; 
it  is  in  fact  inipos«ibl«  to  kill  every  ndult  winged  gniit  wilhin  any 
ana.  But  it  is  generally  potulble  to  destroy  at  least  a  large  pro- 
portion of  their  larvae,  which,  it  is  scarcely  necefsary  to  remind  you . 
must  li\-e  for  iit  least  n  week  in  suitable  wjitere.  nnd  which  may 
M^y  be  killed  by  larvacides,  or  by  emptying  out  the  waters,  or 
by  other  means.  This  method  of  chocking  propagation  coneists. 
in  the  case  of  these  insects,  of  dnuning  away,  filling  up,  poisoning. 
or  emptying  out  the  waters  in  which  they  breed.  Obviously  the 
iiltjmatc  effect  is  the  same  if  we  drain  away  a  breeding-pool  or  If 
we  permatently  destroy  the  larvae  found  in  it;  though  in  the  first 
case  the  work  is  more  or  lees  permanent,  and  in  the  second  demands 
eoostant  repetition.  If  we  drain  a  brw^ding-arca  we  tend  to  pro- 
duce the  same  tiffi-ct  at  the  end  of  a  year  a«  if  we  had  dej*troyed 
as  many  gnats  as  othenvise  that  area  would  have  produced  dur- 
ing that  period.  Thus,  though  we  cannot  kill  all  mosquitoes  within 
an  area,  even  durii^  a  short  period,  we  can  always  arrest  tlidr 
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piop«gAU0D  there  for  us  long  &S  we  pletisc.  provided  that  we  can 
obllterata  all  ihetr  breeding-waters  or  persistently  destroy  all  their 
larvae  —  which  we  may  assume  can  generally  be  done  for  aii  ade- 
quate expenditure.  We  rimet,  therefore,  iisk  what  will  be  the  exact 
effect  of  completely  arresting  propagatlun  within  a  given  area 
under  the  assumed  conditione? 

The  lirst  obvious  puint  is  that  the  openition  niuet  result  in  a 
decreat>e  of  mosquitaeii.  If  we  kill  a  single  gnat  there  must  be  one 
gnat  in  the  world  \ef^s  than  before.  If  we  kill  a  thoueand  eveo'  day 
there  mu»t  be  so  many  thou^niids  less  at  the  end  of  a  given  period; 
and  the  arrest  of  propagation  over  any  area,  however  email,  must 
be  equivaJent  to  the  deatructioo  of  a  certiun  number  of  the  insect's. 
But  this  docs  not  help  us  much.  It  may  be  eugj^ated  that,  liftor 
the  arrest  of  propajfatiun  over  even  a  considerable  area,  the  diminu- 
tion of  mosquitoea  within  the  area  remains  inappreciable.  What 
is  the  law  governing  the  percentage  of  diminution  in  the  mosquito 
density  due  to  arre^it  of  propagation  within  an  area? 

The  number  of  gnats  {or  any  animal)  within  an  area  must  always 
be  n  function  of  fdur  variable.*?,  the  birth-rate  and  doath-rate  within 
the  area,  and  the  immigration  and  emigration  into  and  out  of  it.  _ 
If  we  could  surround  the  area  by  an  tmmease  mosquito-bar,  (he  f 
insects  within  it  (nfter  the  death  of  old  i miuigrnDtK)  would' consist 
entirely  of  native  insects;  on  the  other  hand,  if  we  arrest  propa> 
gattOD,  the  gnat  population  must  hereafter  consist  entirely  of  immi- 
grants. The  question,  therefore,  resolves  itself  into  this  onei  Wli«t 
is — what  must  be — the  ratio  of  immigrants  to  natives  irithin 
any  area!    What  factors  determine  that  ratio? 

Crterig  paribus,  one  factor  mu3t  be  the  size  of  the  area.  If  the 
area  be  a  small  one.  say  of  ten  yards  radius,  suppression  of  propa- 
gation will  do  little  good,  because  the  proportion  of  mosquitoes 
bred  there  will  lx«  very  small  (under  our  assumed  conditions)  com- 
pared with  those  which  arc  bred  in  the  large  surrounding  tracts 
of  country,  and  which  will  have  no  difficulty  in  traversing  so  small 
a  dialuuce  as  ten  yards.  But  if  we  completely  suppress  propaga- 
tion over  an  area  of  ten  miles  radius,  the  case  must  bo  \*ery  differeot 
—  every  gnat  reaching  the  centre  mu.st  now  traverse  ten  miles  to 
do  so.  And  if  we  increase  the  radius  of  the  no-propagation  area  still 
further,  we  must  finally  arrive  at  a  state  of  affairs  when  no  mos- 
quitoes at  all  can  reach  the  centre,  and  when,  therefore,  that  centre 
must  be  absolutely  free  from  them.  In  other  words,  we  can  re- 
duce the  mosquito-density  at  any  point  by  arresting  propagation  _ 
over  a  sufficient  radius  around  that  point.  f 

But  we  now  enter  upon  more  difficult  ground.  How  large  must 
that  radius  be  in  order  to  render  the  centre  entirely  mosquito-free? 
Still  further,  what  will  be  the  proportion  of  mosquito-reduction 
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depending  upon  a  ^ven  ndius  of  anti-propagation  operationsT 
What  will  be  that  proportion,  either  at  the  cpatre  of  operations, 
I  Of  at  any  point  within  or  without  the  circiimference  of  operations? 
^B  The  aniswor  depends  upon  the  distance  which  a  mosquito  can  tra- 
^m  \ttae,  not  during  a  single  flight,  but  during  its  whole  life;  and  also 
V  tipOD  certain  laws  of  probability,  which  muat  govern  its  wander- 
F  togB  to  and  fro  upon  the  face  of  the  earth.  Let  roo  endeavor  to 
indicate  how  this  problem,  which  ib  essentially  a  mathematicat 
^^  one  of  considerable  interest,  can  be  solved. 

^p     Suppose  that  a  mosquito  is  bora  at  a  given  point,  and  that  dur> 
^^  tng  its  life  it  wanderB  about,  to  and  fro,  to  left  or  to  right,  where 
[        it  wills,  in  search  of  food,  or  of  mating,  over  a  countrj-  which  is 
Onifonnly  attractive  and  favorable  to  it.    After  a  time  it  will  die. 
Wliat  are  the  probabititiee^  that  its  dead  body  will  be  found  at  a 
given  distance  from  it*  birthplace?     That  is  really  the  problem 
which  go^'ems  the  whole  of  this  great  subject  of  the  prophylaxis 
of  malaria.    It  is  a  problem  which  applies  to  any  living  unit.    We 
may  word  it  otherwise,  thus  —  suppose  a  box  containing  a  million 
pats  were  to  be  opened  in  the  centre  of  a  large  plain,  and  that  the 
insects  were  allowed  to  wander  freely  in  all  directions  —  how  many 
of  them  would  be  found  idlvr  death  at  ii  given  distance  from  the 
place  where  the  box  was  opened?    Or  we  may  suppose  without 
modifying  the  nature  of  the  problem  that  the  insects  emaaato, 
^^BOt  from  a  box,  but  from  a  single  breeding- pool. 
^H   Now  what  would  happen  is  as  follows;   We  may  divide  the  ca- 
^Beer  of  each  insect  into  an  arbitrary  number  of  sucoesaive  periods 
^FOr  stages,  eay  of  one  minute's  duration  each.    During  the  first  min- 
[      ute  most  of  the  insects  would  Qy  towards  every  point  of  the  com- 
po88.    At  the  end  of  the  minute  a  few  might,  fly  straight  on  and  a 
^^few  straight   back,  while  the   rest   would   travel  at  various  angles 
^HD  the  ri^t  or  left.   At  the  end  of  the  second  minute  the  same  thing 
^Brould  occur — most  would  change  their  course  and  a  very  few 
^Vnugfat  wander  str^gfat  on  (provided  that  no  special  attraction  ex- 
ists for  them).    So  also  at  the  end  of  each  stage  —  the  same  laws 
I^Kpf  chance  would  govern  their  movements.  At  last,  after  their  death, 
^Bt  would  be  found  that  an  extremely  small  pro)>ortion  of  the  in- 
^■Meta  have  moved  continuously  in  one  direction,  and  that  the  vast 
^^majority  of  them  have  wandered  more  or  less  backward  and  for- 
^^»ard  and  have  died  in  the  \ncinity  of  the  box  or  jKiol  from  which 
^Bhe>'  originally  came. 

^^  The  full  mathemalicfll  analyMS  determining  the  question  is  of 
»me  complexity;  and  I  cannot  here  deal  with  it  in  Its  entirety. 
But  a  we  consider  the  lateral  movements  as  tending  to  neutralize 
themselves,  the  problem  becomes  a  simple  one,  well  known  in  the 
talculuB  of  probabilities  and  affording  a  rough  approximation  to 
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the  truth.  If  we  mippoae  that  the  whole  average  life  of  the  msect 
contains  n  stages,  and  that  each  insect  can  traverse  an  average 
distance  I  during  one  such  Ktage  or  element  of  tiinB,  then  the  ex- 
treme average  distance  to  which  any  insect  can  wander  during  ■ 
the  whole  of  its  life  must  be  nl.  I  call  thii  the  limit  of  migration 
and  denote  it  by  L,  aa  it  liecntnes  an  impur|.ant  constant  in  the 
invCBtigation.  It  ■will  then  be  found  that  the  numbers  of  inseeta 
which  have  succeeded  in  rcachini;  the  distances  nl,  {n  — - 1)1,  (n  — 2)1, 
etc.,  from  the  centre  will  vary  as  twice  the  number  of  permuta- 
lloDB  of  2n  things  takeu  succeseively,  none,  one,  two,  three  at  a 
time,  and  so  on  —  that  is  to  say,  as  the  successix'e  coefficients  of 
the  expansion  of  2'"  by  the  binomial  theorem.  Suppose,  for  con- 
venience, that  the  whole  number  of  gnats  escaping  from  the  box 
is  2*"  —  a  number  which  can  bo  made  as  large  «s  w«  please  by 
taking  n  large  enough  and  I  small  enough  —  then  the  probabiU 
ities  are  that  the  number  of  them  which  succeed  in  reaching  the 
limit  of  migration  is  only  2;  the  number  of  thoMt  which  succoed 
in  reaching  a  distance  one  short  stage  of  tliie.  namely,  (n  —  1)1,  is 
2.2n;  of  those  which  reach  a  stage  one  shorter  still  is 

and  80  on.   Hence  the  whole  number  of  gnats  will  be  found  arranged 
as  fallows: 

DiatBi>«  from  wntro  nl  (n — 1)1         (n — 2)1  (n  —  3)1  «lc.  total. 

Numtx,r  of  gnat*       24-4n+2  ^"'^-'^  +2^'^"-^)  ^^"-^-f  cto.=2    . 

It  therefore,  follows  from  the  known  values  of  the  biaoniial 
coefBcicnts  that  if  we  divide  the  whole  nunil>er  of  gnuU  into  groups 
acoording  to  the  distance  at  which  their  bodies  are  found  from  Ihe 
box,  the  probabilities  are  that  the  largest  group  will  be  found  at 
the  first  stage,  that  is,  close  to  the  box,  and  that  the  succcsaive 
groups,  as  wo  proceed  further  and  further  from  the  box,  will  be- 
come smaller  and  smaller,  until  only  a  very  few  occur  Bt  the  ex- 
treme distance,  the  possible  limit  of  migration.  And  the  same  rea- 
soning will  apply  to  a  breeding-poo]  or  vessel  of  water.  That  is,  the 
insects  coming  from  such  a  source  will  tend  to  renuin  in  its  immo- 
diato  vicmity,  provided  that  the  whole  surrounding  area  is  uni- 
formly attractive  to  them. 

The  following  diagram  will,  I  hope,  make  the  reasoning  quit« 
clear. 

We  suppose  that  1024  mosquitoes  have  escaped  during  a  given 
period  from  the  rentnil  breeding-pool  P,  and  we  divide  their  sub- 
sequent life  into  5  stages  — the  numbers  1024  and  5  being  selected 
merely  for  illustration.  Rings  are  drawn  aroimd  Ihe  central  pool 
in  order  to  mark  the  distance  to  which  the  insects  may  possibly 
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irander  up  to  the  end  of  eacb  stage ;  and  the  continuous  line  shows 
the  course  fuUowcd  by  one  which  h»N  waiKlcrud  Gtnught  onward 
All  iXa  life  and  has  di«d  at  the  extreme  limit  to  which  an  ini«ect  of 
lite  species  can  generally  go,  namely,  the  outermost  circle,  L.  On 
the  otbcr  hnnd.  the  dotted  Itnc  shou'S  a  counsu  which  is  ttkely  to 
lie  folton'ed  by  the  lai^est  number  of  the  1024  inaecte  liberated 
from  the  pool  — that  is  to  say,  a  quit-e  irregular  to-and-fro  couise, 
gracrally  terminating  somewhere  neiu-  the  point  of  origin.     The 
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DiAcatH  I.  Tlid  rhaiic«^i»iri!juti'jn  of  imiMiuiloes,  F.  writral  bmedlQl* 
pooL  L.  bmit  of  miftnitloii.  Tlic  ntiiiilK^m  iIcikiU-  Uio  pniiHirLit^uaaf  1024  ni(»> 
mlcow  atartiiiK  frnm  P  whish  din  nt  the  dUUnw*  I.  2.  3.  4.  S,  rtepectiwljr. 
the  Matinuoiw  Hue  drno1f«  n  continuum  wigtntioci  always  in  ouo  dimction; 
the  dott(«l  linr.  the  uaiutl  emtio  «)uraR. 

Bumbcrs  placed  on  each  ring  show  the  number  of  nuwquitoes  calcu- 
lated from  llic  binonual  coefficient)!  when  n='S.  wbicb  are  likely 
to  reach  as  far  us  that  ring  at  the  time  of  tlieir  death.  Thus  only 
2  out  of  the  1024  mosquitoes  are  ever  likely  to  reach  the  extreme 
limit;  while,  on  the  other  hand,  no  less  than  912,  or  89  per  cent^ 
are  likely  to  die  somewhere  within,  the   second    ring  around  the 

The  same  r»a»omng  will  apply  whatever  may  be  the  number 
of  moequitoes  liberated  from  the  pool,  or  the  number  of  stages 
into  which  we  arbitrarily  divide  their  subsequent  life.  SupposSi 
Tor  example,  lh»t  1,048,576  muMiuitoes  eeci^  from  tlie  pool  and 
that  we  divide  their  life  into  10  singes.  Then  only  2  of  all  these 
insects  are  ever  likely  to  reach  the  extreme  limit  of  the  outermost 
ebole;  only  40  will  div  at  the  next  circle;  only  tdO  at  the  next; 
sod  ao  on  ~~  the  large  majority  perishing  within  the  circles  com- 
paratiYCly  close  to  the  point  of  origin. 

TTiis  fact  should  be  clearly  gruspcd.  The  law  here  onunciatod  may, 
perhaps,  be  called  the  eerttripetal  law  of  random  wandering.  It  ordalna 
that  when  livine  units  wander  from  a  pven  point  gvided  oiUy  by 
tiuutee,  they  will  always  teod  to  revert  to  that  point.    The  principle 
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which  governs  their  to-and-fro  movements  is  that  which  governs 
the  drawing  of  black  and  red  cards  from  a  !!huffle<:)  pack.  The  clmncc« 
against  our  drawing  all  the  twenty-sLt  black  cards  from  8uch  a  puck 
without  u  single  red  card  amongst  (hem  arc  enormuixs,  as  are  the 
chancea  agaiaM  a  mosquito,  f^tded  only  by  cimnce,  always  wander- 
ing on  in  one  direction.  On  the  other  hand,  just  as  we  shall  generally 
draw  black  and  red  cards  alternately  from  the  pack,  or  nearly  so, 
so  will  the  random  movements  of  the  livin|c  unit  tend  to  be  alter- 
nately backward  and  forward  —  tend,  in  fact,  to  keep  it  near  the 
spot  whence  it  started.  As  there  is  no  particular  reason  why  it  should 
move  in  one  direction  more  than  another,  it  will  generally  end  by 
remaining  near  where  it  was. 

But  it  wUI  now  be  objected  that  the  movements  of  mosquitoes 
are  not  guided  only  by  chance,  but  by  the  search  for  food.   To  study 
this  point,  take  the  diagram  just  given,  place  a  number  of  pencil- 
dots  upon  it  at  random,  and  suppose  that  each  pencil-dot  denotes 
a  place  where  the  insects  can  obtain  food  — suppose,  for  example, 
that  the  breeding-pool  lies  in  the  centre  of  a  large  city  and  that  the 
pencil-dots  are  houses  around  it.    Consideration  nill  show  that  the 
centripetal  law  must  still  hold  good,  becaiisw  there  is  no  reason  why 
the  inae^ta  should  attack  one  house  more  than  another.    There  is 
no  reason  why  a  mosquito  which  haA  flown  straight  from  the  pool 
to  the  nearest  house  should  next  fly  to  another  house  in  a  .straight 
line  away  from  the  pool,  rather  than  back  again,  or  to  the  right  or 
left.  The  same  law  of  chance  will  continue  to  exert  the  same  influence, 
and  the  insects  will  always  tend  to  persecute  most  those  houses  which 
lie  in  the  Lmraedialft  vicinity  of  their  breeding-pool.    Even  when 
there  arc  many  pools  scattered  about  among  the  houses,  there  is 
uo  reason  why,  after  feeding,  the  mosquitoes  will  go  to  one  rather 
than  to  another;  and  the  result  must  be  that  in  general  they  will 
tend  to  remain  where  they  were. 

Self-evident  as  this  argument  may  now  appear,  it  is  not  under- 
stood by  many  who  writo  on  the  subject  and  who  socm  to  think  that 
mosquitoes  radiate  from  a  centre  and  shoot  forever  onward  into  all 
piirts  of  the  country  as  rays  of  light  do.  Accepting  this  fallacy  with- 
out question,  thoy  argue  that  it  is  usele^  to  drain  local  breeding-pools 
because  of  the  influx  of  mosquitoes  from  without.  Such  an  influx 
certainly  always  exists;  but  I  shall  now  endeavor  to  show  that  it 
cannot  generally  compensate  for  local  destruction. 

Let  us  eonsider  a  tract  of  country  over  which  numbers  of  mos- 
quito breeding-pools  are  scattered,  with  houses  and  other  feedtng- 
plucci^  lying  among  them.  Suppose  ne  draw  a  straight  line  across 
this  country  and  drain  away  all  the  pools  to  the  right  of  it,  leading 
all  those  to  the  left  of  it  intact.  Then  all  the  insects  on  the  left  of  the 
line  must  he  natives  of  that  part;  and  all  those  on  the  right  of  it 


I 


LOGICAL  BASIS  OF  MOSQUITO-REDUCnOX 


97 


must  be  imiiugran(3  which  have  croaeed  o\'er  the  liitc  from  the  left. 
Qov  many  mosquitoes  will  there  now  be  on  the  riglit  side,  compared 
nith  ihose  on  the  left  side?  The  follon^ng  diagram  will  euubic  us  to 
coustder  this  question  more  convenieDtly, 

First,  cxamtDC  the  slate  of  ufTun  before  the  dminAge  WM  effected. 
We  may  suppose  that  mouqultoea  were  then  breeding  fairly  uiii- 
[ormly  over  the  vrhole  cotiiitry,  aod  that  their  density  was  much 
the  same  on  both  sides  of  the  line.    A  certuii  amouat  of  migrAtioa 
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l>uaiUM  n.     Oirve  of  faULug  mosquito-deUMty  due  to  drainage  od  right 
liounduy.  L  ftnd  —  LakHk  liiwt  of  mignition  oii  elttier  sido  of  ibo  boimtlunr. 

AcrooB  tbe  line,  both  from  right  to  left  and  from  left  to  right,  must 
always  have  been  going  on;  and  since  the  density  was  equal  on  both 
sidM,  this  migration  must  also  have  been  equal  and  oppotite  —  that 
ii,  u  many  emigrants  must  have  been  constantly  passing  from  right 
10  left  as  from  left  to  right.  Now,  after  tbe  drainage  has  been  effected 
the  following  changos  occur.  The  insects  breed  aa  before  on  the  left 
of  the  line,  and  some  continue  aa  before  to  cross  over  it  into  tha 
drained  country;  but,  in  the  latter,  on  the  right  of  the  line,  propa- 
gation is  entirely  elmckcd  and,  moreover,  the  migration  from  it  to 
ihe  left  of  the  line,  which  used  to  exist,  nowceases.  Hence  not  only 
must  there  be  a  decrease  of  raosquito-denaily  on  the  right  of  tbe  line, 
liu©  to  the  local  c<;ssatioQ  of  breeding,  but  also  a  decrease  on  the 
left  of  the  line,  due  to  the  cessation  of  the  migration  from  the  right 
which  formerly  took  place  —  that  is  to  say,  the  drainage  has  affected 
the  mo6<|uito-dcnsity  not  only  up  to  the  line  of  dcmarkation,  but 
beyond  it.  And  moreover,  since  the  migration  was  formerly  equal 
from  both  sides  of  the  line,  it  foUovi-s  that  now,  after  the  drainage, 
the  Ices  on  the  left  side  of  the  line  due  to  tho  cessation  of  immigra- 
tioa  from  the  right  is  exactly  equal  to  the  gain  on  the  right  due  to 
the  continuance  of  the  immigration  from  the  left.  That  is  to  say,  the 
mosquitoes  gained  by  Immigration  into  the  drained  country  must 
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be  exactly  lost  by  the  undrained  country.  This  farl  can  lie  seen  to 
be  obviously  true  if  n*e  iiDAgine  an  immense  moaquito-bar  put  up 
along  the  line  of  deumrkutiDn  so  as  to  check  .til  migration  across  it. 
wlien,  of  course,  the  mosquito-density  would  reniiiiii  as  at  first  on 
the  left,  sad  would  become  absolute  zoro  on  tho  nf;ht:  then  on  re- 
moving Ihc  moaquitobar  ua  overflow  would  commence  from  left 
to  right,  which  would  increaae  the  density  on  the  right  by  exactly 
as  much  as  it  would  reduce  the  density  on  the  left. 

The  dotted  line  on  the  diiigram  indicates  the  effect  on  the  moe- 
quito-deuBity  which  muBt  be  produced  by  the  tlnunURe.  If  L  \s  the 
possible  limit  of  mignitiOD  of  moaquitocii  (it  mu.y  bo  one  mile  or  a 
hundred,  for  all  we  know),  the  sflect  of  the  dmiiitige  will  first  liegin 
to  be  felt  at  that  distance  to  the  left  of  the  boundary-line.  From  thi» 
point  the  density  will  t>egiu  to  fall  grnduiilly  until  the  boimdary  i? 
rcnched,  when  it  must  be  exactly  one  liaC}  the  oritiinal  dentity.  This 
(allows  because  of  the  equivalence  of  the  emigration  luid  iimiiigration 
on  the  two  sides.  Next,  as  \vc  proceed  from  the  boundary  into  the 
drained  country,  the  density  continues  to  fall,  until  at  a  di.stiinpp 
L  on  the  right  of  the  line,  it  becomes  zero,  the  country  now  becom- 
ing entirely  free  of  inosqiirtwcs  IjecMUso  they  cjin  no  longpr  penetrate 
so  far  from  Ihe  undrainod  country. 

In  the  diagram  the  line  giving  the  mosquito-density  falls  very 
slowly  at  Brst,  und  then,  near  the  boundary,  very  rapidly,  subse- 
quently sinking  slowly  to  zero.  The  nmtheiiiatiral  analysis  on  which 
this  cun-e  Is  based  is  too  complex  to  be  given  here;  but  it  is  not  diffi- 
cult to  see  that  the  ccntripetiij  Iftw  of  random  migration  must  deter- 
mine some  fiuch  cun-ature.  Tlie  mosquitoes  which  iipe  bred  in  the 
pools  lying  along  the  boundarjMine  must  remain  for  the  most  part 
in  its  proximity,  only  a  few  finding  their  way  further  into  the  driuned 
countrj*,  and  only  a  very  few  reaching,  or  nearly  reachinR,  the  limit 
of  migration.  Though  an  infinitewmal  proportion  of  them  may  wan- 
der as  far  as  ten,  twenty,  or  more  nailesinto  the  drained  country  («nd 
wc  do  not  know  exactly  how  far  they  may  not  occasionally  wander) 
the  vast  bulk  of  the  immigrants  must  remain  comparatively  close 
to  the  boundar\'.  And  as,  for  the  reason  just  given,  the  moequito- 
density  on  the  boundarj'  itself  must  always  be  only  one  half  the 
original  dcnaty,  it  follows  that  it  must,  become  very  rapidly  stil! 
lees,  the  further  wc  proceed  into  the  drained  coimtrj-.  In  fact,  the 
analysis  sliows  that  the  total  number  of  emiKrants  muat  be  insig- 
nificant when  compared  with  the  number  of  insects  which  remain 
behind  —  that  is,  when  they  are  not  drawn  particularly  in  one  direc- 
tion. We  are.  therefore,  justified  in  concludinit  that,  as  a  ^neral 
rule,  the  number  of  immigrants  into  any  area  of  o|)eratinns  must,  for 
practical  purposes,  be  very  small  or  inappreciable  a  short  distance 
within  the  boundary-line.     The  following  diagram  probably  repr&- 
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senta  with  accuracy  the  effecto  of  thorough  siipprtiRsion  of  propaga- 
tion nithiD  a  circular  area. 

At  th«  circle  (a)  and  beyond  it;  the  mosquiio-den^ty  will  bo  the 
normal  density  which  existed  before  the  operations  were  commenced. 
At  (6).  the  circle  bounding  the  drainage  operationa,  the  density  will 
alwiys  be  about  hftlf  ihu  auniiul  density.  At  the  circle  (c)  uud  nnthin 
it,  the  density  will  be  Rmall,  inappreciable,  or  zero.  The  distance  from 
Ca)  to  (fi)  may  be  (alfen  as  being  the  same  as  that  from  (b)  to  (e); 
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DiAORAK  III.  Effrct  o(  (Imtnof^  of  a  drciUar  atm,  b^  boTindniy  of  dminrd 
UM.  Uo»qulto-doi4itr  brKina  to  dUaiiilah  at  tli«  orcte  o;  becomes  one  half 
It  the  txniDdary  b;  uud  is  Biiiuil,  iiiuppmciaUe.  or  sero  at  the  elide  c. 

tad,  as  the  mosquitoes  penetrating  from  (b)  to  (c)  must  be  drawn 
from  tl»e  zone  liutwcen  (a)  and  (h),  the  averagt  result  wi]l  Iw  the  samo 
u  if  no  immigration  at  all  takes  place.  We  do  not  potuiess  EulBcient 
data  to  enable  us  to  calculate  the  actual  distance  between  (a),  (6). 
ud  (c)  — this  will  depend  in  a  certain  measure  on  the  activity  of 
tb»  species  of  insect  concerned  and  on  the  existence  or  abs*^nco  of 
fq)ecin)  loral  nttraHions;  but  this  fact  does  not  discredit  the  gnneral 
principles  involved. 

One  ca£c  has  not  yet  been  considered,  namely,  that  in  which 
there  exiata  only  a  single  fcoding-place  in  the  whole  tract  of  country 
—  fiuch.  for  infttance,  as  &  single  house  or  group  of  houa&t  situated 
to  the  niidgt  of  deserted  swamps.  In  s\ich  a  case  the  insects  may  be 
compelled  to  come  from  considerable  distancee  —  from  na  f ar  oa 
their  lenses  are  capable  of  giuding  thera  —  in  search  of  food;  and 
draioagp  operations  carried  on  with  a  view  to  relieving  such  a  house 
may,  for  all  we  know,  have  to  be  ertended  over  miles.  But  such 
cuefl  are  not  of  great  consequence,  Ix-rau-sc  dnunitRC  is  Kcldom  the 
appropriate  measure  for  isolated  dwellings,  which  can  generally 
Iw  protected  at  far  less  coat  by  means  of  gauxc  Bcreens.  Moreover, 
it  ie  vcrv*  doubtful  whether  fpeding-plHees  for  mosquiioea  are  ever 
to  aolitftry  as  the  ca^  assumes.    Where  there  is  one  dwelling  thero 
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aie  generally  many,  ecattered  at  various  distaDcea  over  the  country; 
and  the  insMts  arc  kiio\\-n  to  feed  oa  cu.tUe,  birds,  and  other  ani- 
mnls.  For  towns,  where  anti-monqtiito  nieaitures  are  most  demanded, 
our  fij^  assumed  conditiou  of  uniform  attracliveuess  must,  as  a 
rule,  be  the  one  in  force;  and  in  such  cases  the  centrijjctal  law  will 
hold. 

Tlie  effect  of  wind  requires  examination.  Theoretically,  if  the 
iosccls  are  supposed  ntways  to  rcin«in  on  the  wins,  «"'nd  blowing 
on  a  gotierating-poo!  will  merely  have  the  effect  of  drifting  the  whole 
brood  to  a  certain  extent  in  one  direction  nithout  changing  the 
Ttlalive  positions  of  the  insects  to  each  other.  Tlio  result  would  be 
the  same  as  indicated  in  Diagram  1,  except  that  the  generating- 
pool  would  now  be  eccentric.  If  a  proportioo  of  the  insects  take 
shelter,  the  circles  of  Diagram  I  would  beconiy  ellipses  with  the 
generati tig-pool  as  a  focua.  In  such  a  case  the  wind,  and  especially 
devious  winds,  would  have  a  distributive  tendency;  but  it  must  be 
rcmcmlx-red  that  if  the  insects  arc  scattered  further  iipart  their 
numbers  at  a  given  point  must  be  reduced.  A  wind  which  blows 
mosquitoes  into  an  area  must  blow  others  out  of  it.  I'be  net  result 
of  dcvioud  winds  on  a  circular  drained  area  would  be  that  the  mos- 
quito-density is  not  so  much  reduced  at  the  centre,  but  is  reduced 
to  a  gi-eater  distance  outside  the  boundarj-  circle  — so  that  the 
average  reduction  remains  tho  same.  With  a  wind  blowing  cuutinu- 
ously  from  one  direction,  the  Indication  would  be  to  extend  the 
drainage  further  in  that  direction.  Ohi-iously,  wind  may  scatter 
moequitoea;  but  it  cannot  create  ibem,  nor  prevent  the  total  average 
reduction  due  to  anti-propagation  measures,  as  some  people  seem 
to  tbinlc.  It  is,  however,  very  doubtful  whether  wind  does  really 
drive  or  scatter  mosquitoes  to  any  great  degree.  In  my  experience 
they  are  extremely  tenacious  of  locality.  Thus  Avopkthx  were 
seldom  seen  on  Tower  Hill,  a  low  open  hill  in  the  middle  of  Freetowa, 
Sierra  Leone,  although  numerous  generating-pools  existed  a  few 
hundred  yards  from  the  top,  ikll  around  the  foot  of  it,  and  the  winds 
were  often  very  strong.  If  a  continuous  wind  can  drive  mosquitoes 
before  it,  then  during  the  southwest  monsoon  in  India  they  should 
be  driven  away  from  the  west  coast  and  maascd  towards  the  east 
ooaat;  but  I  have  never  heard  that  they  are  at  at)  less  numerous 
OD  the  west  coast.  I  have  often  seen  very  numerous  mosquitoes  on 
bare  coasts  exposed  to  strong  sea-breezes,  as  at  Mtitlnis.  As  a  rule, 
they  seem  to  take  shelter  in  the  pra^^ence  of  a  strong  breeze.  Instances 
of  their  being  driven  far  by  winds  are  frequently  quoted,  but  in 
my  opinion  they  were  more  probably  br**d,  in  many  such  ciwcs,  in 
unobaerved  poola  close  at  hand.  The  wind-hypotlicsls  is  frequently 
used  by  municipal  officials  as  an  excuse  for  doing  nothing  —  it  is 
convenient  to  blame  a  marsh  miles  distant  for  propngallng  the  mos- 
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I'which  are  really  produced  by  lauity  Banitation  in  the  town 

Another  and  similar  statement  U  often  made  with  oU  gravity  to 
■  the  effect  Ihat  mosquitoes  are  brought  into  tovnis  in  trains,  cart*, 
and  cabs.  So  they  are;  but  a  moment's  reflection  wUI  as^uii?  us  tlint 
the  Dumber  introduced  in  this  maimer  tnuet  always  be  infinitcsi- 
mal  compared  nith  those  that  fly  in  or  wtiicb  are  bred  in  the  town 
it«eU.  Moreover,  U  vehicles  may  bring  them  in  they  may  also  t-okc 
tbum  out. 

I  will  now  endeavor  to  sum  up  the  arguments  which  I  have  laid 
before  you  —  I  fear  very  cursorily  aud  inadcqutilcly.  First,  I  eug- 
^«sted  that  there  must  be  for  every  living  unit  a  certain  distance 
which  that  unit  muy  possibly  cuver  if  it  continues  to  move  all  its 
life,  with  such  capacity  for  movcmoat  as  Qiiturt>  h:is  given  it,  always 
in  the  name  direction.  I  called  thix  diKtance  the  limit  of  migrntioa. 
It  should  perhaps  be  called  the  ideal  iiinJt  of  migration,  because 
■carooly  one  in  many  billiuntj  uf  living  unite  is  ever  likely  to  reach 
it— not  because  the  imits  do  not  posRess.the  capacity  for  covering 
the  distance,  but  because  the  la^vs  of  ehaoce  ordain  that  they  shall 
■earcely  ever  continue  to  muvc  always  io  the  siini»  diroctiun.  Next 
I  endeavored  to  show  that,  owing  to  the  constant  change?  of  direc- 
tion which  must  take  place  in  all  random  migration,  the  large 
majority  of  units  must  tend  to  remain  in  or  near  the  neighborhood 
where  lliey  were  born.  Thus,  though  they  may  really  poj^ae^j  the 
power  to  wander  much  fur1.her  away,  right  up  to  the  ideal  limit. 
yet  actually  they  always  find  themselves  confined  by  the  iitipnipable 
but  no  leas  impassable  walls  of  chance  within  a  much  more  circum- 
scribed area,  which  we  may  call  the  practical  limit  of  migration  — 
that  ix,  a  limit  beyond  uhich  any  given  pcrcentuge  of  units  which 
tn  tike  to  select  do  not  generally  pass.  Lastly,  I  tried  to  apply  this 
raasoning  to  the  important  particular  case  of  the  immigration  of 
mosquitoes  into  an  area  in  which  their  propiigution  htus  been  arrested 
by  drainage  and  other  suitable  means.  My  conclusions  are: 

(1)  The  mosquito-density  will  always  be  reduced,  not  only  within 
tlie  ares  of  operations,  but  to  a  diMimce  equal  to  the  ideal  limit  of 
migration  beyond  it. 

(2)  On  the  boundary  of  operations  the  mosquito-density  should 
iJwaya  be  reduced  to  about  one  half  the  normal  density. 

(3)  The  cur\-e  of  density  will  rise  rapidly  outside  the  boundary 
and  vill  fall  rapidly  inside  it. 

(4)  As  immigration  into  an  area  of  operations  must  always  be  at 
the  expense  of  the  mosquito  population  immediately  outside  it,  the 
average  density  of  the  whole  area  affected  by  the  operntious  must 

le  same  as  if  no  immigration  ut  ail  hue  token  place. 
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(5)  As  a  general  rule  for  practical  purposes,  if  the  area  of  opera- 
tions be  of  any  cunsidcrable  size,  iiuniigration  will  uot  very  m&te- 
riuHy  affect  the  result. 

Id  ooacluBioD,  it  must  be  repeated  that  the  whole  subject  ci 
tnoequito-rcduction  cunnot  be  scientifically  exniiLined  without 
piathematioal  analyBifi.  The  nubject  le  really  a  pari  of  the  nmlhe- 
niatical  theory  of  migration  — a  theory  which,  so  far  as  I  know, 
has  not  yet  been  discussed.  It  is  not  possible  to  rnnkc  satiRfactory 
esperimonts  on  the  inBux,  efflux,  and  varying  density  of  mosquitoes 
without  such  an  analysis  —  and  one.  I  may  add,  far  more  minute 
than  bits  bocn  attempted  hero.  The  subject  has  suffered  much  at  the 
handfl  of  those  who  have  attempted  ill-devifted  experimenta  without 
adequate  preliminary  conwderatioo,  and  whose  opiiiioiis  or  results 
have  seriously  itiipcded  the  obviously  uscftd  and  practical  8amtan»- 
policy  referred  to.  The  statement,  so  frequently  made,  that  local 
anti<propagation  meaeuree  must  always  be  useless,  owing  to  imml' 
gratiun  from  outside,  isoquJvalciit  to  sayiiiK  that  the  population  of 
the  Uiiil«d  States  would  remain  the  .tame,  eveti  if  the  birth  rate 
vers  to  be  reduced  to  zero.  In  a  recent  experiment  at  Mian  Mir  in 
India  the  astuundinK  result  was  obtained  that  the  mosquito-density 
was,  if  anything,  increased  by  the  anti-propagatinn  measures  — 
which  is  equivalent  to  saying  that  the  population  of  the  United 
States  would  be  increased  by  the  abolition  of  the  birth-rate.  In  the 
mean  time.  I  for  one  must  continue  to  believe  the  somewhat  self- 
evident  theory  that  anti-propagation  measures  must  always  reduee 
the  mosquito-denaiLy — even  if  the  results  at  Havana,  IscUiiUu, 
Kiiing,  Port  Swettenham,  and  other  places  are  not  accepted  as 
irrefragable  experimentBl  proof  of  it. 
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Jotmat  of  Inlettiotu  Dittaatt.  etc.] 

Ostwalo,  the  inspiring  interpreter  of  the  greiit  principles  of 
science,  atatea  that  "We  have  just  pae»ed  through  n  period  in 
which  all  scieaoes  hftve  been  Isolated,  a  period  of  sped alieat ion, 
and  we  find  ouraelTCa  in  an  opocli  in  whicb  the  eynthctio  factors 
in  science  are  ftaininj;  a  cnnHtantly  increasing  ngnificance.  .  .  . 
Everywhere  the  individual  sciences  seek  points  of  contact  with  one 
another;  evetywherc  the  investigator  dotcriniaes  the  value  which 
hifi  special  results  may  have  in  the  solving  of  the  general  problems. 
In  short,  all  sciences  are  tending  to  be  phiLoeophical.  Nnnhere  ia 
this  tendency  toward  fundamontul  explnnution  so  great  as  in 
biology." 

Pathology  a  Division  of  Biology 

Disease  is  the  common  lot  of  all  form^  of  life,  high  aa  well  aa  low, 
animal  as  well  as  vegetable,  and  it  is  the  special  province  of  patho- 
logy, the  science  of  diKcatw,  to  Rtudy  life  in  its  abnormal  forms  and 
activities.  Ilence  pathology  i»  a  <liviBion  of  biology,  and  it  is  in 
fact  pathological  biology,  but  its  relationships  as  such  have  not 
always  been  so  clearly  appreciated  as  they  oiiglit  to  be;  in  pari 
this  may  be  explained  on  account  of  the  very  special  stress  placed 
on  its  direct  application  to  practical  medicine  in  the  9cr\'iee  of  the 
art  of  healing.  For  thi«  and  other  rcaaona  patholog>*  in  many  re- 
spects has  remained  somewhat  inolated  among  biological  sciences. 
The  early  pathologists  took  the  almost  excliisi^'C  standpoint  of 
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humaii  mfdicine  and  for  a  long  time  the  vast  reeoun-M  of  general 
biotogy  remained  practically  unused  in  the  study  of  disease.  On 
the  other  hatid,  owiug  to  lack  of  appreciation  of  the  fact  that  dis- 
ease is  a  phcaomcQon  of  life,  in  other  words,  owing  to  the  uim&lural 
separation  of  the  biologic  study  of  disease  from  general  biology, 
the  subject  of  disease  has  rather  repelled  the  average  student  of 
biology,  who  therefore  seems  to  have  neglected  to  utilize  fuUy  the 
ujiproachei)  offered  by  pathology  to  a  better  knowledge  of  the 
phenomena  of  life. 

In  victv  of  the  extent  to  which  man  ha«  bu»cd  himMtIf  with  the 
study  of  all  forms  of  animal  life  in  all  accessible  parts  of  the  world, 
is  il  not  rather  strange  and  an  evidence  of  lock  of  coordination 
that  the  occurrence  of  cancer  throughout  the  wliole  vertebrate 
kingdom  should  have  been  made  out  definitely  only  diu^ing  the 
last  year?  Yet  this  demonstration  by  the  Cancer  Research  Fund 
in  London,  and  the  further  deDnonslralion  that  cancer  h&£  the  some 
fundamental  rharaeters  as  in  man  when  it  occurs  in  fish,  reptile, 
and  bird,  renders  it  extremely  improbable  that  either  climate  or 
diet  of  man  has  anything  to  do  with  the  direct  causation  of  cancer, 
thus  putting  an  end  to  much  needless  speculation  and  materially 
narrowing  the  scope  of  a  most  important  inquiry. 


Pathological  Processts  m  Evolution 

In  some  quarters  disease  has  been  reganied  merely  &a  an  cxprea- 
aion  of  inferiority  and  weakness,  and  as  part  at  least  of  the  means 
by  which  inexorable  nature  carries  out  the  verdict  of  extermina- 
tion. Parasitism  for  instance  has  been  designated  as  a  weapon  to 
eliminate  those  who  fall  below  a  certain  standard.  Consideration 
of  the  nature  of  disease  from  this  point  of  view  gives  to  disease 
merely  a  negative  evolutional  significance,  as  it  would  cause  no 
new  and  better  qualities  la  the  de^jcendcncy.  Closer  cxaraination 
would  tend  to  show,  however,  that  processes  of  disease  may  have 
a  different  significance  of  a  more  positive  nature  in  evolution.  There 
are  numerous  simple  aa  well  as  complex  physiological  processes 
which,  when  set  in  motion  by  abnormal  conditions,  appear  to  be 
of  advantage  not  only  to  the  individual  but  also  to  the  species. 
Jus  examples  of  adaptive  processes  at  first  sight  of  more  special 
individual  advantage  may  be  mentioned  regeneration,  hypertro- 
phy, the  interesting  adaptations  to  new  and  strange  conditions 
of  which  bones  and  v'esscls  are  capable,  certain  phases  of  throm- 
bosis, and  even  atrophy,  which  ha9  been  described  as  the  faculty 
of  an  organ  to  adapt  itself  to  conditions  of  dinunished  nutrition, 
thus  circumventing  necrosis,  a  faculty  of  great  advantage  when 
the  period  of  diminished  food-supply  is  only  temporary.     No  one 
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can  fail  to  see  much  that  must  be  useful  and  advantageous  is  the 
oompkx  reactions  to  injuries  observed  in  iuflamnmliaQB,  the  sig- 
nificaDcc  of  which  has  bwn  greatly  broadened  througb  the  wcli- 
knovm  comparative  titudy  of  MetchnikofT.    In  the  ease  of  immimity, 
stafcuial  and  acquired,  our  woniier  knows  no  bounda,  so  man'elous 
Are  the  prccisioa  imd  ocopo  of  the  protective  rvactioos,  concerning 
which  so  much  has  been  brought  to  light  in  recent  years  and  wliich 
lend  themselves  well  to  comparative  studiea.     In  the  caae  of  de- 
^□urattons  and  tumois  it  is  not  possible  to  recognize  uay  direct 
or  indirect  advantage,  and  certainly  no  one  has  yet  been  able  to 
see  malignant  tumors  in  such  favorable  light.     In  these  instances 
first  mentiouod  the  pathologic  reactions  have  physiologic   proio- 
typee;  they  are  adaptations  of  physiologio  pn)ceHfleA.    Rei^eneration 
and  growth  are  taking  place  constantly  in  health.    Phagocytosis,  on 
vblch  so  much  stress  bus  been  lud  in  inSammation,  is  merely  an 
exaggeration  of  normal  nutritive  processes  in  certain  cell<).    At  pre- 
sent the  production  of  antitoxins  and  other  anti-bodies  is  best  ex- 
philnod  as  the  result  of  special  nduptations  of  nonoal  atfreo-chctii- 
ical  mechanisms  whereby  nutrition  in  carried  on.    Avery  notioeable 
difference  between  the  physiologic  and  pathologic  inanircatations  of 
these   functiuns   is  tstxn   in   their   imperfections   «nd   HhortcomJngs 
Vider  many  of  the  abnormal  conditions.    Incomplete  regeneration 
resulting  in  the  formation  of  scars  ofieu  has  many  disadvantages. 
Ififlajninations  frequently  establish  conditions  in  thenieclveB  fraught 
with    dangers.     He    reactions  of   immunity  may  not   neutralise 
t^DJckly  fnongh  the  toxins  nor  destroy  promptly  enough  the  in- 
radiog  orxanisnta.     Hence  there  is  abundant  scope  for  the  inter- 
notion  of  the  physician  armed  with  all  the  varioiLi  appliances  of 
hit  art,  tome  of  the  most  useful  of  which  are  the  products  of  arti- 
ficially produced  biologic  reactions.      But  after  all  the  mdividuul 
organisms  must  enjoy  the  bent  ehance»  for  survival  and  reprodufi- 
tioD  that  iraffer  least  harm  because  best  able  to  adapt  themselve-i 
ud  to  protect  the  life  and  function  of  their  cells  under  couditiona 
of  disease. 

Just  as  there  are  variations  in  the  limits  of  phyaoto^c  regulatory 
mecbauisrofi,  so  also  there  ure  individual  differences  of  degree  in 
the  power  of  adaptive  and  protective  reactions  to  estabtlah  them- 
selves in  dispiwe  and  permit  continuance  of  life.  In  progress- 
ive evolution  it  naturally  must  b«  in  the  deacendnnta  of  individuals 
with  the  beet  adaptive  and  protective  powers  that  an  increasing 
coraplel^nflss  and  perfection  of  such  powers  will  be  found.  Viewed 
to  this  light  many  proccsaes  of  diacase  assume  a  significance  of 
positive  character  in  biologic  evolution,  a  point  of  view  that  would 
Uierease  the  interest  in  pathologj-  nmong  biolegist*  in  general. 
ud  thus  tend  to  further  its  development  along  broader  liaea  and 
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lead  to  coordination  or  knowledge  and  broad  and  still  broader  gcD- 
eraliBations  as  to  causes,  nature,  and  proccssca  of  disease.  At  pre- 
R-nt  we  may  be  said  to  be  gntberiiig  nuiteriuls  for  this  broader  com- 
parative pathological  biology  of  the  future  in  the  same  way  as  the 
older  naturalists  gathered  materials  for  the  biologist  of  the  present 
day. 

Pathohgy  and  Reetarch 


At  least 


certain  fields  the  student  of  the  pure  science  of  disease 
is  primarily  interested  in  tlie  knowled^  of  disease  for  its  own  sake 
without  much  thought  or  immediate  care  as  to  any  prompt  practical 
UBC  lo  which  such  ctmtribut  tons  as  he  may  make  to  this  knowledge  may 
be  put.  It  is  true  here  as  it  is  in  general  that  most  things  are  done 
only  on  account  of  the  results  expected  from  them  in  the  future,  boi 
immediate  technical  utility  is  not  always  the  sole  guiding  principle 
of  the  investigator  in  pathologic  domaiiis,  The  history  of  pathology 
shows  him  that  in  this  science  as  well  as  in  its  synthetic  .sciences  all 
actual  increase  in  knowledge  eventually  helps  to  relieve  suffering. 
Everywhere  the  most  intimate  relations  may  be  seen  between  the 
progress  of  medical  knowledge  and  the  progreas  of  medical  art.  Like 
other  sciences  pathology  furnishes  many  examples  of  the  rather 
unexpected  importance  and  the  even  profound  inBuence  of  the  new 
obsen-Htion,  the  now  methods  of  study,  the  new  point  of  view  that 
at  Grst  seemed  to  have  but  liniit-ed  significance.  Indeed  some  of  the 
fundamental  ideas  of  scientific  medicine  have  arisen  in  this  way. 
It  has  been  well  auid  that  no  knowledge  of  substiiricc  or  force  or  life 
is  so  remote  or  minute,  but  that  to-morrow  it  may  become  an  indiit- 
pensable  need  (van  Hise).  We  in  America  have  therefore  much 
reason  to  rejoice  because  of  the  strong  movement  tliat  is  starting  in 
the  interest  of  scholarship  and  of  research  in  pathology,  a  movement 
that  of  course  does  not  limit  its  Influence  merely  to  the  advancement 
of  knowledge,  but  exercises  as  well  a  powerful  influence  upon  the 
diffusion  of  knowledge.  The  man  who  is  so  full  of  enthusiasm  for 
pathology  that  he  will  "bum  his  lamp  for  its  advancement"  is 
likely  also  to  be  an  inspiring  teacher  illuminating  the  older  know- 
leilge  with  the  discoverj-  of  to-day  and  placing  the  new  facts  in  their 
proper  relatione  to  what  is  already  known  and  to  what  will  be  known. 
Medicine  in  this  country  has  been  so  preoccupied  with  building-np 
medical  e<lucRtion  for  the  training  of  physiciims  that  comparatively 
little  energy  has  been  available  for  the  upbuilding  of  medical  science 
itself.  Thus  pathology  in  the  universities  has  not  been  taught  until 
very  recently  in  such  a  way  that  gniduntc  students  might  take  it  up 
as  a  branch  to  be  followed  through  long  stretches  of  lebor.  This  ia 
regrettable,  but  In  some  of  our  universities  patholofty  is  now  placed 
00  equal  footing  with  other  natural  scieucee  and  fully  recogniied  as 
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«  proper  6eld  for  work  leading  to  higher  degrees,  imd  this  is  a  much 
desired  progress  in  a  most  important  directiun.  The  direct  interesL 
sow  taken  by  maoy  persons  io  medical  research,  tbe  isstitutes  aod 
funds  their  munificence  has  catabli^ed,  arc  »]»o  having  a  laoat  pro- 
found iuflueuce  upon  Uie  developmeut  of  pitLlioIogy  in  this  eountry. 
•Another  mighty  current  in  fsvor  of  this  development  has  set  in  from 
Che  scieutifie  work  carried  on  in  our  various  guvemmentul  and  stato 
imcitutions. 

Pathology  and  Syntkeiic  Sciences 


Let  us  now  attempt  to  trace  briefly  the  present  relations  of  pathO' 
logy  to  cognate  sciences  with  the  object  of  leurmng,  if  possible,  ia 
which  direction  the  liope  lies  for  greatest  progress  and  to  mark  out 
ihe  paths  along  which  our  iDvestigators  must  journey  in  order  to 
gather  the  beet  materials  for  thiit  wider  and  larger  pittholugieal 
biology  upon  which  wo  are  £till  to  work.  The  clearest  cuneeption  of 
the  rAle  that  the  more  important  synthetic  factors  h&\e  bad  and  are 
having  upon  the  development  of  puthoit^*  will  be  obtained  through 
the  historical  perspective.  In  thia  way,  too,  it  may  prove  feasible 
to  show  how  some  of  the  special  problems  have  been  solved  and  to 
bring  into  relief  the  great  codrdinaiioii  of  useful  knowledge  exempli- 

»&sd  by  practical  medicine  and  the  influence  upon  it  that  various 
seiences  have  had  and  are  having  through  the  medium  of  pathologj-. 
A. 
nilti 


The  Anatamicai  Idea  in  Medicine 


I 


Anatomy  was  one  of  the  earliest  biolo{^cat  sciences  to  reoeiv« 
culti\*atton.  The  first  laboratory  for  the  training  of  students  was 
the  anatomical.  One  cause  at  least  for  thia,  if  not  the  cause,  was 
ihc  downright  necessity  for  physicianB  to  become  closely  acquainted 
vitb  the  structure  a^  well  as  the  function!)  of  the  human  body.  It  is 
ei)iUK4]uently  not  strange  that  pathology  in  the  usual  modem  scn^ 
should  begin  aa  pathological  anatomy,  that  is  with  the  study  of  the 
grosser,  evident  alterations  in  stFUcture  that  retiult  from  disease  and 
upon  which  in  turn  reat  many  of  the  disturbances  of  function  observed 
in  disease.  In  its  earlier  stages  puthotogical  anatomy  busied  itself 
nth  tbe  accumulation  of  a  store  of  facts  and  obBer\'ations  gained 
almoet  wholly  by  the  examination  of  human  bodies  after  death. 
MoTgsgni  was  the  first  to  attempt  any  generttlization  from  this  store 
of  facte  and  by  correlating  the  anatomical  changes  observed  after 
death  with  the  disturbances  of  functions  observed  as  clinical  sj-mp- 
toms  during  life,  he  was  able  to  draw  conclu^ons  of  fundamental 
importance  in  regard  to  the  scui»  and  causes,  at  least  in  certain 
phases,  of  disease.    This  is  the  first  instance  of  syntbeeia  on  a  large 
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scale  of  two  biological  scionccs  in  the  study  of  pBtholog>',&ainely  tlie 
physiolcigic&l  or  study  of  function  and  tbe  anatomical  or  study  o[ 
structure.  Morgagui's  concepCioQ  of  disease  as  inseparably  con- 
nected n-ilh  structurni  changes  in  the  organs  was  designated  happily 
by  Virohow  as  the  anatomioal  idea  In  medicine,  and  this  idea  —  the 
greateet  gift  of  anatomy  to  medicine  —  proved  of  incalculable 
service  in  turning  the  minds  of  physicians  away  from  speculation  to 
careful,  objective  Btudyof  disease  duriug  life  as  well  as  after  death. 
We  catch  an  int^reeting  glimpse  of  Morgagni'a  own  point  of  view  id 
the  following  quotation  from  his  writings:  "The  various  Rt«pe  iii 
progress  ought  not  to  bo  disregarded,  for,  in  difhcult  research,  we 
derive  encouragement  from  the  recollection  that  although  the  exer- 
tions of  an  individual  may  not  advance  philosophy  in  any  perceptible 
degree,  yet.  owing  to  the  power  of  experimcut  and  the  suecessive 
influence  of  opinion,  the  mont  obsnure  and  apparently  unsuccessful 
inquirer  may  prove  the  first  or  the  connecting  link  in  a  aeries  of  most 

valuable  discoveries." 


The  Cdl  Doclrine 


The  next  advance  wus  the  result  of  Bichat's  introduction  of  minute 
anatomy  and  the  demonstration  that  the  organs  consist  of  tissues  to 
which  the  ?cat  of  disease  now  w»b  referred.  Before  Jong  came  the 
epochal  development  in  botany  under  the  influence  of  Schleiden  of 
the  cell  doctrine,  which  was  applied  by  Schwann  to  normal  animal 
histology,  and  by  Vircbow  in  1858  to  pathologj',  the  direct  outgrowth 
beiug  the  justly  celebrated  cellular  pathology  beginning  an  era  during 
which  medicine  has  made  greater  progress  than  in  all  prccodiog  time, 

PhysiolORieai  and  pathological  processes  were  traced  to  the 
elementary  niorpliologie  constituents  of  living  organisms — the 
cells.  The  famous  phnisc  "omnis  ceUula  t  celiula"  completed  the 
liberation  of  medicine  from  abstract  !tpecuktion  already  begun  by 
Morgagni.  "The  physician  grew  from  a  schoolman  into  a  acieotiSc 
observer,  and  the  surgeon,  who  appwircd  on  the  scene  in  livery  and 
without  learning,  grew  from  a  handicraftsman  to  be  a  man  of 
science."  Pathology  became  a  natural  science.  What  rich  new 
fields  were  now  open  for  investrgatiim!  .\  vast  umount  of  material 
was  accumulated  from  careful  clinical  and  morphologic  study  of 
individual  caws  and  the  basis  thus  laid  for  the  construction  of  gen> 
eral  laws  and  fruitful  theories  of  disease.  During  the  earlier  part 
of  this  period  attention  was  confined  largely  to  man,  but  it  also 
was  often  turned  in  the  direction  of  animals  in  the  efTort  to  pene- 
trate deeper  into  morbid  processes;  the  experimental  method  was 
Used  to  interpret  correctly  obeervations  made  in  the  clinic  and  Id  the 
post-mortem  room. 
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Of  fundatiKQtal  importance  for  all  branches  of  mediciDe  was  the 
iwultiog  organiiatiou  of  tlie  tcacliioK  aud  invefilif^utioa  of  patho- 
logical  anatomy.  Following  the  Icaderahip  of  Virchow  in  Berlin 
pathologico-analoinical  institutes  or  laboratories  were  rapidly  estab- 
liibed,  and  soon  recognised  ae  indiapeneably  necessary  fur  teaching, 
lornseareh.and  for  direct  asaiataneo  to  medical  practice.  In  the 
further  counie  of  development  these  laboratories  have  undergone 
-various  nio<li£caticDS  and  enlar^meiita  of  scope,  principally  as  the 
n-Eult  of  the  advent  of  medical  nucrobioiogy. 

With  surgery  and  the  rapidly  developing  surgical  specialties 
pathological  anatomy — gross  and  microscopic  —  soon  o^umed 
JWrTDanent  relnlions  of  fundament ut  cliuractcr.  The  anatonuoal 
Study  erf  the  diseases  in  question  was  followed  by  great  progress  in 
treatment,  and  the  exponents  of  these  branches  of  applied  medicine 
did  not  remain  merely  receptive  of  the  work  of  others,  but  have 
themselvee  prosecuted  dilijicntly  pathological  investigations  of  great 
value.  Indeed,  iu  cert<aiii  special  braticiies,  especiiklly  ophthalmo- 
logy, otologj',  and  dernmtulogj-,  the  clinictnuH  have  lung  been  prac- 
lically  the  sole  occupants  of  the  field  of  pathological  anatomy  of 
their  respective  parts  of  the  body.  The  close  study  of  pathological 
matomy  —  being  largely  the  atudy  of  the  results  of  disease  —  stini- 
idated  also  to  brilliantly  accurate  diagnosis  of  certain  internal  dis- 
eases, which  UDfortunately  in  eame  cases  was  coupled  with  a  dis- 
^rtening  therapeutic  pcssiiuisui.  Said  the  therapeutic  nihilist 
Skodft:  "We  can  diagDosa  disease,  describe  it,  and  get  a  grasp  of  it, 
but  we  dare  not  by  any  meAns  expect  to  cure  it."  That  some  of  the 
followent  of  cellular  pathologA-  in  the  narrower,  dogroatic  sense, 
believed  that  the  innermost  secrete  of  diaease  could  be  reached  by 
iDorphologio  methods,  and  that  functional  disturbances  always  could 
b»adcr]ti»tcly  explained  by  morphologic  means  may  now  Ijc  regarded 
aa  an  instance  of  the  tendency  man  frequently  shows  to  approach 
his  problems  from  the  leaat  accessible  points.  These  unfavorable  ten- 
dencies in  pftthoiogy  led  to  the  following  protest  by  Clark  in  1.^84: 

"We  are  so  much  concerned  with  anatorrucal  changes;  we  have 
^vea  80  much  time  to  their  evolutions,  difTcrcntialinns,  and  rela- 
tions; we  are  so  much  domlnnled  by  the  idea  thnt  iti  dealing  with 
thetn  we  are  dealing  with  disea^  itself  that  we  have  ovoriooked  the 
fundamental  tnith  that  the.se  anatomical  changes  arc  but  secondary 
and  Bonwttme»<  the  least  important  e.'cprei^sions  or  manifestations 
of  states  which  underlie  them,  it  is  to  these  dynamic  states  that  our 
tboo^ts  and  enflrgies  should  be  turned;  they  precede,  underlie, 
and  originate  structural  clinnges;  they  determine  their  character, 
courec,  and  issuee;  in  them  ia  the  secret  of  disease,  and  if  our  control 
of  it  is  ever  to  become  grpnter  and  better,  it  is  upon  them  that  our 
experimeats  must  be  made." 
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Fortunately  Clark's  warning  had  been  anticipated  by  development. 
Virehow  himself  long  before  repeatedly  emphasized  thnt  pathologp- 
cal  anatomy  cannot  deal  forever  with  Hie  product  without  Bearching 
for  the  cause  that  led  to  its  production.  It  seems  to  me  that  the 
following  highly  remarkable  statement  in  the  Prospoctue  of  the  first 
volume  of  Virchow's  Archiv,  published  in  1847,  shows  that  the 
founder  of  cellular  pathology  had  a  wonderfully  clear  vision  of  the 
rAlo  pathological  anatomy  was  to  play  in  the  evolution  of  patholog- 
ical physiology: 

"The  standpoint  we  aim  to  occupy  is  simply  that  of  natural  eci- 
ence.  Practical  medicine,  the  applied  theoretical,  the  theoreticaj- 
pathological  physiology  is  the  ideal  we  shall  strive  to  reach  so  far 
as  our  pon'ers  permit.  While  we  recognize  fully  the  title  and  the 
independence  of  pathological  anatomy,  and  of  the  clinic,  they  servo 
us  preeminently  as  sources  of  new  questions  the  answers  to  which 
fall  to  the  lot  of  pathological  physiology.  Inasmuch,  however,  as 
these  questions  to  a  large  extent  may  be  formulated  only  through 
painstaking  and  comprehensive  detailed  study  of  manifestations 
(of  disease)  in  the  living,  and  of  the  conditions  in  tlie  dead,  we  regard 
the  exact  growth  of  anatomical  and  clinical  ©.xperiences  as  the  first 
and  moet  importiint  demiind  of  the  prej«nt  time.  From  an  empir* 
icismot  this  kind  will  result  gradually  the  true  theory  of  medicine, 
pathological  physiology!" 

Microbiology,  Etiology,  Comjiarativc  PcUliolo^ 

It  was  reserved  for  etiology,  the  offspring  of  nucrobiology,  "to 
lift  pathology  permanently  out  of  the  level  of  a  purely  descriptive 
science,  for  with  the  entrance  of  a  d>Tiamic  factor,  a  causal  clement, 
under  the  guine  of  microorganisms,  the  exjjerinientiU  era  began 
definitely." 

The  coming  of  microbiology,  long  foreshadowed  by  ingcnioiu 
speculalians  concerning  infections  diseases,  at  once  made  patho- 
logy broader  and  definitely  comparative  in  its  8copc,  thus  widening 
its  relations  to  general  biology  on  the  one  hand,  and  to  preventive 
and  curative  medicine  on  the  other.  It  will  be  recalled  that  the 
founders  of  bacteriology — Pasteur,  chemigt  and  biologist,  and 
Koch,  physician  —  both  made  their  appearance  in  mc-dicinc  as  invea- 
tigators  of  animal  infections.  Iiifec-tiou^  diseases  cnii^ritute  a  promi- 
nent part  in  the  field  of  pathology,  and  deeper  insigbt  into  their 
nature  rcquirerl  simple,  easily  controllable  conditions  accessible  to 
experiment  and  analysts.  This  became  possible  by  the  discovery 
and  study  of  microdrganisnts  which  could  be  used  to  set  in  motion 
the  complex  phenomena  of  disea-se  according  t«  the  pleasure  of  the 
investigator.    In  auinmls  the  course  of  u  diseaue  may  be  cut  short 
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at  any  limo  for  the  puri)osc  of  iDvestigation  and  better  in»^t 
obtained  into  tbe  evolutions  of  morbid  prwesaee.  The  diseaoc  may 
be  studied  in  all  ils  phases.  Hence  comparative  pathology  rapidly 
became  tbe  refuge  of  tbe  investigator  finding  his  way  blocked  by 
Ihe  DCoeasary  restrictions  governing  the  study  of  human  diseaces. 
The  great  influence  of  the  comparative  method  of  study  of  infectioiw 
diseases  is  well  shown  in  the  relatively  advanced  state  of  our  know- 
ledge in  regard  to  thu^e  human  dlEfcaaea  of  Uiis  class  that  are  rosdily 
commuiiica.blc  to  iLnimals  as  compared  with  our  ignorance  iu  regard 
to  the  cause  of  certain  other  human  diseases  which  so  f ar  a£  we  know 
are  aot  transferable  to  animals. 

As  the  secrets  of  the  vast  domain  of  parasitism  «•««  revealed, 
and  the  teachings  of  specific  etiology  and  pathogenesis  became 
appreciated,  there  sprang  up  in  the  place  of  the  therapeutic  hope- 
Icssovsis  inspired  by  the  study  of  pathological  anatomy  only,  aii  in- 
creasing interest  of  enormous  consequences  in  preventive  nicaaures. 
This  was  the  natural  outcome  of  the  persiaient  efforta  now  made 
to  follow  the  chain  of  causation  so  far  as  it  was  pos^blc  t<^i  go;  for 
it  early  beeame  established  that  the  farther  back  of  the  immediatft 
rauses  of  diseases  we  can  come  the  more  ea&ily  and  economically  are 
(hey  controlled  and,  reversely,  the  nearer  we  approach  the  period 
In  the  evolution  of  disease  characterized  by  open  maoifeatatiou*)  the 
more  difficult  is  dtscAae  to  overcome.  Hencii  the  newer  ideas  of 
rieanllocss,  of  surgioal  asepdH,  sanitary  science,  and  preventive 
medicine,  —  all  are  the  offspring  of  the  study  of  microbiology  and 
etiology  in  a  wide  sense.  Indeed,  the  great  principle  of  prevention 
may  be  applied  with  perfect  success  even  when  the  actual  cause  of 
tbe  disease  remains  unknown.  The  discovery  by  Walter  Reed,  for 
instance,  that  the  cause  of  yellow  fever  is  conveyed  by  a  certain  kind 
of  niusquitu  makes  it  possible  to  prevent  this  destructive'  disease 
with  absolute  certainty  by  destroying  the  mosquito  or  preventing 
its  bite. 


tntcradion  of  Paraaiie  and  Host  —  Bio-ckcmistry  and  Immunity. 

But  the  fundamental  problems  of  etiology  are  not  wholly  solved 
by  the  discovery  of  the  causative  agent,  however  important  this 
etep  may  be;  for  it  remains  to  explain  how  normal  function  and 
etnicturc  are  upect  by  the  entrance  of  this  new  factor. 

Now  the  study  of  bacteriology'  and  comparative  patholoRy  has  per- 
mitted 9  deeper  penetration  into  the  nature  and  mechanism  of  ct-r- 
toin  iufectioQ!<.  Tliu  discovcrj'of  bacterial  and  other  toxins, complex, 
soluble,  and  diffusible  chemical  substances,  and  of  their  wonderful 
influence  upon  the  metabolism  of  cells,  opened  new  and  rich  lielda 
tbat  under  the  hands  of  keea  investigators  ha^  funwhcd  precious 
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materials  for  the  advancement  of  medical  science  along  ixevr  tinee. 
Hcnlc  bnd  anticiputx-d  many  of  our  idca«  of  the  intomctibD  of  para- 
site and  hoEtt,  but  especially  interesting  are  the  teachings  of  Bre- 
tonneau  in  regard  to  the  specificneaa  of  infectious  processes,  and  the 
words  of  his  pupil,  the  groat  Trouesoau,  have  proved  thcmselvea  of 
prophetic  significftnce:  "There  are  [in  infectious  di-seaaes]  two  fae- 
tora;  one  is  the  morbific  germ  coming  from  without,  arid  the  other 
is  the  economy  about  to  receive  it ;  there  is  required  a  special  apti- 
tude for  the  organism  to  reitpoud  to  the  action  of  thontimulue  .  .  . 
■when  there  is  no  such  predisposition  the  morbific  germ  perishes." 
It  waa  necessary  to  croct  the  great  structure  of  cellular  pathology, 
and  to  make  brilliant  and  epochal  discowriea  in  morbifip  etiology 
before  the  suggestions  in  Trousseau's  statement  as  to  the  interaction 
of  host  and  parasite  could  bo  expressed  in  such  definite  terms,  and 
given  such  eninrgement  in  noope  as  in  tite  genial  and  heuristir  side- 
chain  theory  of  Elirlich.  According  to  this  theory  a  toxin  ia  poison- 
ous only  when  it  unites  chemically  with  some  constituent  in  the  cell 
of  corresponding  utereochemical  configmation.  If  the  cell  does  not 
contain  this  particular  constituent  the  toxin  is  harmless;  and  when 
them  constituODts  coiUBe  in  the  hlood  as  the  ronult  of  reproductive 
processes  in  the  cells  they  are  protective  —  antitoxic — becautte 
they  unite  with  tlie  toxin  and  thus  prevent  the  disastrous  union  fif 
toxin  with  cells.  In  other  words,  the  sub&lance  in  the  body  which, 
when  wtuttted  in  the  cells,  is  a  primary  eiac^enliai  for  tlie  toxic  process, 
becomes  a  curative  agent  when  it  enters  the  blood-«iream  (Behring). 

Fortunately  for  the  therapy  and  prevention  of  diphtheria,  tetanus, 
and  a  fow  other  essentially  toxic  infections,  these  antitoxins  may 
bo  caused  to  accumulate  in  large  quantities  in  the  blood  of  certain 
animuls  when  artificially  immunised  by  the  injection  of  incn-aaine 
doses  of  the  corresponding  toxin.  It  was  a  happy  itiKjiiration  indeed 
that  led  Bchring  to  use  the  antitoxic  scrum  of  immunized  animals 
for  curative  and  prophylactic  purposes,  thus  turning  to  the  common 
good  this  innate  faculty  of  the  animal  organism  to  develop  in  bo 
marvelous  a  manner  its  own  resources. 

Supported  by  mimorous  cxperinients  among  the  most  imngin: 
tive  and  ijileresting  of  modem  biologic  investigation,  Ehrlioh's 
theory  has  proven  a  veritable  mflster-kcy  to  some  of  the  innermost. 
Bccrets  of  toxic  and  antitoxic  action  and  immunity  in  general.  The 
theory  has  been  found  adaptable  to  other  closely  related  problems 
in  chemical  biolog}*,  and  its  signal  usefulness  in  promoting  investi- 
gation  in  this  complex  field  upon  broad  comparative  ba-i^is  places 
it  among  the  great  theories  of  science. 

Ebrlich's  wde-chain  theory  has  boen  applied  with  grcAt  succkv 
to  the  explanation  of  the  formation  by  cfilL-*,  and  also  of  the  action 
of  the  various  Ijticjor  solvent  substances  for  animal  cells,  particu- 
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laiiy  red  corpuscles,  h5  well  aa  for  bacteria.   Tlic  active  hemolysins, 
bMterioly^ua,  and  cytolysina  aie  formed  by  the  uoion  of  two  dis- 
tinct bodies,  amboceptor  and  eomplemeat,  whose  properties  and 
affinities  are  being  atudiod  most  actively.    Tlicsc  substances  occur 
to  a  considerable  extent  in  the  blood  of  norma)  animals,  and  may 
be  induced  to  develop  freely  under  the  stimul&tion  of  the  injcctioD 
into  animalH  of  large  quantities  of  the  cells  or  bacteria  to  be  acted 
upon.    The  fact  that  hemolytic  substaooes,  though  of  a  aomewhat 
■diSereot  and  apparently  less  complex  nature  are  produced  hy  cer- 
tain pathogenic  bacteria  of  common  occurrence,  especially  strep- 
tococci, bae  given  \is  a  new  point  of  departure  for  the  etudy  of  the 
mnemia  that  develops  in  streptococcal  and  other  infections.    By  the 
aid  of  Ehrlich'a  theory  it  has  also  proved  possible  to  explain  the 
tnode  of  action  of  the  toxio  aubstaocee  in  certain  venoms,  and  in  this 
particular  Held  highly  valuable  facts  have  been  established  by  the 
work  of  Flexner  and  Noguchi  and  of  Kyes.    In  certain  phases  the 
subject  has  been  simplified  by  the  work  of  Kyes,  who  eucceeded  in 
showing  that  a  definite  chcmictil  .'^ubstaucc,  nAmcly,  lecithin,  m^y 
Bct  as  a  complement  to  amboceptors  in  venoms,  with  which  it  unites 
iA  a  crystallizable  "lecitbid." 

The  extraordinary  complexity  of  the  chemical  bodies  produced 
by  cellular  activity  is  further  illustrated  by  the  group  of  sub- 
Oaooee  koown  aa  agglutinins  which  have  the  interesting  property 
of  drawing  anima)  as  well  as  bacterial  cclle  together  into  clumps. 
Agglutinins  may  be  produced  by  bacteria  aa  well  as  by  animals.  It 
IB  more  than  likely  that  certain  forma  of  throraboais  met  with  in 
infections  are  caused  by  agglutination  of  corpuselee,  a  form  of  ihrnin- 
boeis  which  has  been  designated  as  agglutinative.  Kxperimentally 
such  Ibronihi  are  produced  with  ease  by  the  injection  of  various 
agglutiniiting  substances.  In  animals  ns  well  as  in  nuiii  certain  infec* 
tions.  e.  g.,  with  typhoid  bacillus,  are  associated  with  the  develop- 
tneot  of  agglutinins  ha\ing  a  specific  effect  upon  the  bacterium 
causing  the  infection.  Such  agglutinins  are  being  used  everj-where 
for  two  purposes,  (a)  to  determine  the  nature  of  the  infection  for 
purposes  of  clinical  diagnosia  (ae  in  the  agglutination  test,  for  typhoid 
introdaeed  as  n  ciinieal  measure  by  Grunbaum)  and  (h)  to  identify 
certain  baeteria  and  establish  their  relations  to  the  mfection. 

Another  interesting  group  of  substances  of  the  same  general  clan 
is  (ociMd  by  the  coagulms  which  have  the  power  of  cauaing  cert&fa 
changes  in  colloidal  albuminous  solutions. 

Furthermore  it  has  been  found  that  the  senim  of  an  animal  treated 
with  a  proteid  forms  precipitates  with  that  one  proteid,  a  property 
that  within  certain  limits  appears  to  be  specific.  This  has  led  to  the 
use  of  specially  prepared  precipitating  serums  for  the  diaKnosis  of 
diffetVDt  proteids,  e.  g.,  the  detection  of  hunuui  blood  for  medico- 
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legal  purposes,  and  for  the  study  of  the  genetic  rclationshjps  of  cer- 
tain iinimals,  a  study  that  io  the  hands  of  Nuttall  has  (pven  resulU 
of  general  chemico-biological  interest  from  an  evolutional  point  of 
view. 

Reviewing  these  rcmarkflble  developments  one  is  profoundij" 
impressed  mth  the  fad  that  at  the  same  time  as  they  eonslitute 
a  moat  important  widening-out  of  biochemical  science  they  have 
added  greatly  indeed  to  the  permftnent  resourcea  of  pmcticni  medi- 
cine, emphasizing  again  in  the  clearest  way  the  everlasting  identity 
of  the  scientific  and  the  practical.  Let  no  one,  at  Icaet  in  the  medical 
profession,  ever  floubt  the  practical  value  of  the  knowledge  that 
ripens  on  the  tree  of  scieitcel  These  developments  also  demonstrate 
that  there  are  other  modes  of  progress  toward  knowledge  of  cellular 
activity  and  biological  mechanisms  under  pathological  as  well  as 
normal  conditions  than  the  purely  morphologic  highway  which 
hitherto  had  been  followed  with  great  persistence  in  pathology. 

Here  we  are  dealing  with  chemical  substances  and  chemical  and 
physical  processes  wliieh  ultimately  will  be  interpreted  in  terms  of 
chemistry  and  physics.  Already  Arrhenius  and  Madsen  ha\'e  at- 
tempted to  sliow  that  the  laws  of  masg-action  and  chemical  equi- 
librium govern  the  reactions  between  toxin  and  antitoxin,  an 
attempt  that  has  precipitated  a  sharp  controxxrsy  with  the  Ehrlich 
school  which  cannot  but  powerfully  stimulate  continued  work  in 
this  field.  Kecetitly  we  have  learned  too  that  many  salts  in  ioniaable 
solutions  and  ulso  mure  complex  substances  combine  in  such  a  way 
with  the  complements  in  normal  and  immune  serums  as  to  hinder 
the  union  of  complement  aiid  amboceptor  necessary  for  Ijlic  aetion. 
Perchance  it  is  in  this  direction  thiit  wo  may  ItMik  for  some  insight 
into  the  changes  in  physiological  mechanisms  that  permit  various 
oi^anisms  to  enter  and  set  up  disease. 

It  seenis  that  in  the  chemistry  of  immunity  we  aoon  may  c-^pcct 
most  interesting  developments.  The  fact  that  lecithin  may  act  as 
complement,  that  it  forms  a  crystal lixable  "lecithid"  by  union  with 
the  hemolytic  amboceptor  of  anuke-venom,  and  further,  the  evi- 
dence now  at  hand  that  colloidal  silicic  actd  may  play  the  part  of 
amboceptor,  warrant  the  hope  that  liefore  long  complete  analysis, 
and  perhaps  even  synthesis,  of  lysins  may  become  possible. 


The  Synthesis  of  Different  Methods  in  SeientHic  and  Practical  Medicinv 

In  tbe  majority  of  cases  ve  owe  our  first  knowledge  of  the  exist- 
ence of  distinct  diseases  to  clinical  observation.  By  keen  study 
physicians  were  able  to  distinguish  even  between  more  or  less 
similar  pictures,  hut  the  clinical  picture  has  not  always  proved, 
adequate  for  the  deterraiaatlon  of  disease-entities.     The  clinical 
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naiiifiestiitioiis  of  certain  diseases  are  so  much  alike  thnt  difTorcn- 
tiadon  finally  was  accomplished  as  the  result  largely  of  the  study 
of  the  more  or  Icbs  characteristic  stnictural  changes  in  the  tiaauca  of 
the  body.  In  soine  cases  diflcrentiation  could  be  made  only  after 
^  -the  discovery  of  the  specific  causative  organism.  This  was  the  case 
rilh  diphtheria.  The  clinicaJ  manifeHtat.ion.=i  and  the  local  nnatom- 
ical  changes  In  the  throat  caused  by  the  bacillus  of  diphtJierin  may 
'fee  reproduced  in  streptococcal  and  other  infccttonii.  Now  it  is  eelf- 
*%-ident  that  real  penetrfltion  into  the  nature  of  a  disease  tlemandB 
il£  complete  separation  from  other,  in  certian  respects  more  or  leas 
similar,  dteeaece.  In  the  case  of  diphtheria,  for  instance,  complete 
«tiolo^c  differentiatioQ  w&b  e«tenti&l  in  order  that  the  real  value  of 
dipbtberia  antitoxin  might  be  learned.  It  may  be  mentioned,  too, 
Chat  it  required  Ihc  discovery  by  Koch  of  the  same  bacillus  in 
practically  all  forms  of  human  tuberculosis  before  the  dontrine  of 
the  dual  nature  of  this  disease,  at  one  time  Bdvocat«d  by  Virchow 
,  oo  aoatomic  grounds,  received  its  finul  overthrow. 

In  various  local  inflammatory  diseaMS  such  as  pleuritic,  peri- 
carditis, peritoniliB,  meDingitis,  and  in  many  so-called  septic  con- 
ditioDs,  i.  c,  local  infections  with  ^ncral  intoxication  but  with  or 
Tithout  bacteremia,  the  same  clinical  manifestations  and  anatom- 
ical changes  may  be  produced  by  different  organisms.  The  diseases 
Icing  different  ctiologically  are  consequently  also  in  all  likelihood 
■iifferent  chemically  in  spite  of  their  clinicul  and  anatomical  sim- 
Uarities,  and  for  these  rea.son.';  deeper  penetration  into  their  nature 
08  well  as  progress  in  direct  treatment  will  depend  largely  on  study 
of  the  organisms  concerned  and  of  the  products  of  their  activities. 
Clearly  an  es.sential  step  in  this  direction  is  the  differentiation  of  the 
djaeaees  on  etiologic  grounds.  Other  examples  of  analogous  nature 
could  easily  bo  cited. 

Now,  practically  every  disease  the  nature  of  which  we  in  some 
de^^ree  understand  may  be  cited  in  illustration  of  the  riose  synthesis 
of  clinical  observation  (clinical  patiiological  physiology),  ptitho- 
Io^bI  morphology,  etiology,  and  microbiology,  experimental  and 
comparative  methods,  and  especially  more  recently  of  chemiatry 
in  the  development  of  our  knowledge  of  disease.  To  the  fullest  ex- 
tent this  ie  true  of  certain  infectious  diaeaaee.  Starting  with  normal 
physiologj'  and  anatomy,  theae  have  become  the  principal  methods 
by  which  material  is  accumulated  for  that  pntliologicid  physiology 
which  Virchow  put  as  the  chief  end  of  mecUcaJ  investigation.  And 
it  ia  along  this  road  too  that  the  medical  student  passes  to  re-ach 
membership  in  the  medical  profession;  for  here  also  "ontogeny 
repeats  phylogeny."  Finally  those  are  also  the  very  methods  of 
procedure  employed  by  the  true  physician  in  solving  the  problems 
M  dia^osis  and  so  of  treatment  presented  by  tli«  individual  patient 
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DO  matter  to  what  spmalty  the  case  may  be  refeirod  iq  coase- 
quence  of  the  grea.t  differentiation  of  medical  art  nith  wbicb  we  Are 
familiar. 

Practical  medicine  is  availiog  itself  mote  and  more  of  the  methods 
of  acientilit;  medicine.  The  laboratory  is  entering  into  closer  and 
closer  relations  with  the  clioic.  For  the  purpose  of  faciiitating  Inves- 
tigation as  well  as  treatment  it  has  been  found  advantageous  to 
include  vanouR  laboratories  in  the  clinic^  and  the  Ufie  of  laboratory 
methods  fias  ext«ndcc]  to  all  departments  of  medical  practice  where 
their  ticid  of  usefulness  ie  conistiiotly  enlarftin^.  How  these  methods 
may  be  made  most  easily  available  for  the  prartitioner  has  now 
become  a  problem  of  real  urgency.  Pskthology  is  consequently  a  great 
force  in  the  interests  of  intcgratioD  tui  oppuned  to  differentiation  in 
medicine;  for  pathology  gathers  under  her  wings  all  the  specialties 
which  differ  not  as  to  methods  but  only  Id  the  matter  of  the  Oelds 
invcstif^tcd. 

Whatever  the  rfile  of  pure  morphology  in  the  investigations  of 
fundamental  biological  problems  —  and  it  does  not  seem  likely  that 
it  will  loee  greatly  in  significance  in  this  respect  so  long  as  biologists 
regard  the  peculiar  complexus  of  physical  conditions  called  struc- 
ture BS  absolutely  essential  to  life  —  it  always  will  maintain  relations 
of  fundamental  importance  in  medicine.  Medical  and  surgical 
diagnosis  rests  to  a  largo  extent  upon  the  reoogoitioa  of  the  nature 
and  cause  of  gross  changes  in  stnicture  and  their  conaequenoes  on 
Itmction.  To  the  surgeon  pathological  anatomy  is  a  guide  whose 
minutest  direction  he  must  obey,  tbcact  clinical  observation  con- 
trolled 90  much  ax  ever  possible  by  anatomical  examination  will 
cootinue,  as  emphasized  always  by  Chr,  Fenger,  the  mainstay  of 
medical  progress  in  every  locality.  The  value  of  microscopic  anatomy 
in  the  Htudy  of  diseases  of  the  blood,  in  the  differentiation  of  new 
growths,  and  in  inflammator>'  products  needs  only  mention.  Many  | 
of  the  methods  of  microbiology  are  essentially  morphologic.  The  ' 
established  clsasitication  of  bacteria  is  based  on  morphology,  and  the 
studies  of  the  relations  of  microorganisma  to  the  cells  of  the  body  — 
often  ft  matter  of  great  importance  —  requires  morphologic  methods. 

I  believe  there  is  no  room  for  the  opinion  one  occasionally  hears 
expressed  to  the  effect  that  the  value  of  the  usual  methods  of  mor-  1 
phology  and  microbiology  in  scientific  pathologic  investigation  has  ' 
been  exhausted.  Of  course  the  field  cannot  be  said  to  be  ao  lai^  aa 
at  one  time,  but  there  are  still  problems  enough  demanding  the  uae 
of  these  very  methods,  refinements  and  improvements  in  which  are 
constantly  increasing  their  usefulness.  Unquestionably  advances 
in  our  knowledge  of  functional  localiiatton  and  in  the  tracing  of 
conduction  paths  in  the  central  nervous  system  of  man  will  con- 
tinue to  depend  in  the  main  on  the  careful  study  of  anatomical 
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l«soas  and  their  function^]  and  structural  cuiii«riueitces.  Dlssto- 
■nycosis  aod  poratj'phoid  fever  are  brilliant  examples  of  "new  dis- 
eaaee"  recently  ostabliebcd  »»  tho  result  of  piirvly  morphologic  find 
tnicrabiologic  melbods  ot  study  in  fields  long  dilif;i;ncly  i^xplored. 
la  trj-paQosomiaaifl  and  piroplaemoeb  of  man  aud  of  animals  we 
liav«  other  exAOiplea  of  interMtmg  diseiwes  fur  the  r«cent  k:ii>w. 
ledge  of  ihe  existence  of  which  a«  etiologic  entities  we  are  indebted 
chiefly  to  clinical  obeenation  and  niori'hologic  studies  of  the  blood. 
These  fa«t«  iuclicat«  that  mirrobic  Ptiology  may  yet  be  forced  to 
yidd  up  hitherto  carefully  guarded  secreta  to  more  or  less  familiwr 
nivthodtf  of  now  mudificationtt  thereof. 

Great  inlerest  ha^i  been  awakened  in  the  recent  determined  effort 
by  Councilman  and  his  associates  to  solvo  by  these  motbods  the 
etiology  of  vuriola,  the  final  proof  of  the  success  or  failure  ot  which 
must  be  left  to  more  diflcriminaling  fornix  of  miorobiologic  research. 

In  pathology  pui^ly  morphologic  methods  have  surely  aa  groat 
w  importiuicc  in  ci<tub1i»1iinK  etiologic  rclation^^hipH  and  a»  a  meauH 
nf  orientation  in  varioua  forms  of  inveM igatlun  as  iliey  have  in 
uorax'cling  the  intricate  connection  between  stnicturo  and  function. 
Prognes  in  the  domains  of  niirmsropic  piithnltigicul  morpbolofjy 
md  progrese  in  normal  morphology  will  always  lie  mutually  helpful 
IjecBUife  pathologicnl  cellular  changes —neeroaia.  necrobiosis,  de- 
twnerations.  and  proliferations  — arc  probably  larRcIy  identical  with 
normal  cytomorpbosis,  being  abnonnal  only  as  to  time  and  place. 
A  recent  morphological  obsen,'fltion  of  great  interest  is  that  by 
Bsshford  and  Murray  of  a  process  of  (ronjURation  in  cancer  cells. 
These  observers  found  in  canc«r  cells  nuclear  changes  sinular  to 
Ihoee  by  which  sexual  cells  are  prepared  for  fertilisation  and  also 
fusion  of  nuclei  equivalent  to  the  process  of  ferlilizalion  known  as 
eonjugutioD.  This  diwoverj-  (if  confirmed)  will  help  to  turn  the 
Kareh  for  the  causative  factor  in  cancer  directly  to  the  very  pro- 
cesses in  the  cells  ihemaelves,  a  direction  indicated  nlready  by  the 
singular  fact  that  cancer  always  ''breeds  true,"  and  that  it  is  trans- 
plantable only  within  the  species  in  which  it  originates,  and  that  it 
behaves  as  an  independent  organism.  Undoubtedly  the  newer 
methutls  of  Bludy  of  micro-chemical  reactions  in  normal  cytology 
will  prove  valuable  also  in  pathological  eytolog>'.  Perchance  thia 
synthesis  of  morphological  and  chemical  methods  in  time  may  give 
us  some  insight  into  the  normsl  relations  and  time-sequence  of 
chemical  reactions  in  biological  processes,  normal  as  well  as  abnonnal. 

It  proved  to  he  an  auspicious  day  both  for  chemistry  and  medi- 
cine when  l'!i>iteur  concci\-cd  his  biological  theory  of  alcoholic  fer- 
mentation. Lwlwg'fl  prophecy  of  forty  years  ago  that  chemical 
physiology  w-mild  largely  prove  &  study  of  catalytic  reactions  has 
coDie  true,  and  the  cell  la  ngw  no  longer  considered  aa  a  simple  struc- 
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ture,  but  rather  as  a  most  complicated  machine,  the  working  of  which 
for  the  most  port,  is  dependent  on  enzymes.  Into  the  finer  details 
of  the  majiiier  in  wliich  these  mechaiiiauia  may  be  disturbed  under 
abnormal  conditions  we  ae  yet  have  hardly  ht-cn  permitted  to  pene- 
trate, but  the  extensive  recent  re.«earches  dealing  with  the  nature 
and  mode  of  action  o(  ferments  in  diverse  physiological  activities 
have  awakened  a  Uvcly  intcre&t  In  fermentations  in  patholo^cal 
processes  which  augurs  well  for  the  future. 

Among  the  many  intraeelluUr  ferments  those  causing  self -digestion 
or  autolysis  of  cells  are  thought  to  play  an  active  and  cssontial 
rdle  in  the  removal  of  dead  materia],  such  &a  necrotic  tissue  in 
infractions  aud  inflammatory  exudatea.  Some  idea  of  the  fermeata- 
tivo  activities  in  autolysis  may  be  obtained  from  Its  action  in  pneu- 
monia. In  a  few  days  autolystis  nriay  90  alter  a  mass  of  exudate 
weighing  several  hundred  grams  that  it  is  readily  removed  from  the 
lungs  by  absorption  and  expectoration. 

Tlie  biochemical  niechanisnia  of  normal  and  pathological  pigment 
formation  have  now  been  shown  to  depend  on  the  action  of  oxida- 
tive feruDCnts. 

Cohnheim's  demoiiatratiou  that  two  enzymes,  one  coming  from 
the  pancreas  and  tlie  other  from  the  musoles,  are  necessary  for  the 
oxidation  of  sugar,  appears  to  \>c  a  long  step  toward  putting  tlie 
pathogenesis  of  diabetes  in  an  entirely  new  light.  ^Vhile  these  and 
other  oxidizing  ferments  are  the  products  of  cellular  activity,  it  at 
once  sugKt'sta  itself  that  they  need  not  be  the  products  of  the  cells 
of  the  same  body  which  is  later  to  use  them.  It  has  been  su^iested 
that  they  may  be  introduced  as  needed  much  as  antitoxins  now  are 
introduced  (Long). 

The  results  of  the  work  of  Croft  Hill  and  of  Kastle  and  Loewen- 
hardt  on  the  reversibility  of  ferment  action  have  been  eagerly 
grasped  by  pathologists  and  made  to  throw  new  light  on  the  prob- 
lems of  fat  absorption  and  translocation.  Indeed,  the  newer  chemi- 
cal methods  of  study  are  clianging  completely  our  older  ideas  about 
fatty  changes  In  the  cells,  idea.s  that  were  based  almost  wholly  upon 
niorphoto^cal  appearances.  Great  progress  has  been  made  also  in 
other  respects  in  recent  years  from  the  application  of  the  methods 
of  physiological  chemistry  to  pathological  problems,  but  I  must 
refrain  froin  going  into  further  details.  As  a  result  the  lield  of  pure 
chemistry  as  an  aid  to  medical  diagnoaia  is  enlarging,  not  merely  as 
reEBrds  various  anal>'t.ical  procedures  for  the  testing  of  fluids  and 
other  substances,  but  the  newer  methods  of  physical  chemistry 
such  as  testing  the  solution  content  by  electrical  conducti\nty  and 
cr>'nscopy  ha\-o  been  found  useful  in  order  to  obtain  information 
of  help  in  reaching  a  t^orrect  disgno>iis  or  a  better  uudervtnnding  of 
the  nature  of  the  functional  disturbance. 
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Aa  iodicateU  in  tbe  foregoing  «-«  are  now  at  the  bcgumiag  of  aa 
'«*  of  tbe  application  of  newer  physical  and  chemical  methods  to 
many  probletDS in  tnedicine,  prubk-tiui  that  ittuoe  time  ivcre  regarded 
a  approacbable  only  by  so-calkd  biological  oietbods,  and  tbe 
number  of  problcnut  that  lend  IhcuDrcIves  promtsuigly  to  this  form 
at  treatmeDt  seems  to  be  constutiMy  increusinj;;.  I  have  referred 
ilieady  to  their  use  iu  the  study  of  chemical  problems  in  immiuiity. 
The  many  fundamental  problems  connected  with  tbe  const»ncy 
of  osmotic  pressure  io  the  fluids  of  the  body;  the  great  inQuence  of 
osRotic  disturbances  in  the  production  of  edema;  the  interesting 
telations  of  ions  to  proteins;  the  physico-chemical  properties  of 
ions  of  various  salts  in  roUtion  to  pbarmacologicat  action  —  these 
in  wmo  of  the  new  queetioos  that  iire  being  actively  studied  with 
lesulta  in  many  casea  of  far-renchiug  importance. 

Id  many  of  its  phases  this  departure  is  the  outcome  of  the  appli- 
tatian  by  Loeb  and  others  of  general  chemistry  to  biological  study 
Uie  resutta  of  which  we  have  followed  with  increaning  wonder  as  they 
have  shown  ub  the  extent  to  wliich  eertaia  life  phenomena  can  be 
toatrolled  unequivocally  by  chemical  and  physical  means.  Many 
of  the  manifestations  of  life  are  physical  in  character,  but  biologists 
ire  agreed  that  the  source  of  energy  in  life  phenomena  is  chemical, 
ud  that  general  chembtry  tliereforc  must  form  the  foundation  of 
biology.  From  this  it  follows  directly  that  the  deeper,  fundamental 
erplanation  of  the  mechanisms  of  pathological  processes  also  re- 
quire* chemical  and  physical  methods.  Henceforth  chemistry  will 
play  an  increasingly  Important  rfile  in  the  efforts  to  reduce  the  phe- 
tomtuift  of  pathological  biologj'  to  simpler  laws.  We  thus  find  again 
tliat  sharp  lines  of  demarkation  cannot  be  drawn  between  norm^ 
aad  pathological  hiology;  for  progress  in  ont  nnturally  exercises 
determining  influence  on  progress  in  the  other,  and  in  both  develop- 
ment is  in  the  direction  of  synthesis  with  physics  and  chemistry. 

HetUcine  has  been  called  the  mother  of  sciences,  and  not  without 
reason.  She  gave  to  physirs  fialileo.  Mayer,  Helmholtz;  to  geology 
Steno;  to  botauy  Linnaeus;  to  chemistry  Black,  llerzetius,  Liebig; 
to  biolog>'  Aristoteler,  Lamurck,  and  Huxley;  but  as  pointed  out 
by  Sir  Michael  Foster,  her  children  are  ever  coming  back  to  help 
Iwr.  In  medicine  as  a  science  and  as  an  art  many  sciences  converge 
—  physical,  cheinlciU,  and  biological  methods  join  hands  for  the 
jHJvanoement  of  knowledge  and  the  relief  of  suffering. 
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Whoever  has  to  speak  of  pathology  in  general,  m  is  my  task, 
'  inagt  Bret  determine  what  he  incUidos  in  pathologv-.  for  ihe  ideas 
which  arc  evoked  by  this  term  are  not  always  the  Mine.  The  opinion 
iieomtnoD  that  pathoIog\'  is  synonymous  with  "science  of  disease," 
"niMoIogy;  "  but  this,  as  Rudolph  Virchow  '  has  attempted  to  prove 
repeatedly,  is  not  true.  Doubtlcin  diseiise,  or  rather  the  diseased 
Individual,  is  the  moat  important  object  of  consideration  of  patho- 
logy; it  is,  however,  not  the  only  One.  The  conception  of  pathology 
Ipnch  more  comprehensive.  To  pathology  belongs,  on  the  one  hand, 
«8ty  deviation  from  the  normal  strutture  and  the  normal  composi- 
tion of  the  body,  and,  on  the  other,  every  deviation  from  the  normal 
(unction  of  its  parts.  It  therefore  includes  every  variation  from 
wHm  we  consider  the  type  of  an  organism.  Variation  from  type  is, 
however,  not  disease.  Disease  i.-*,  an  Roerhaave  was  the  fir.<t  to  say, 
"Vita  praeter  naturam,"  and  life  presupposes  activity.  AVhen  there 
uao  fimctional  activity  and  thus  no  deviation  from  normal  function, 
llkKe  can  be  no  di.seate.  But  not  even  every  ruiiclional  vuriation 
fram  the  normal  indicates  disease.  The  variation  must  be  pernicious 
>a  character,  if  it  is  to  bear  the  name  of  disease.  When  there  is  no 
d^ritaent,  there  is  no  disease,  although  whenever  a  variation  from 
the  normal  exists,  nre  have  to  do  with  a  pathologic  condition,  no 
"Utter  whether  the  variation  is  morphologic  or  fimctional. 

Purely  morphologic  varintioti.t  without  detrimental  influence  on 
ttie  rest  of  the  body  are  found,  especially  among  anomalies  and 
"lalforraations,  and  who  will  deny  that  these  belong  to  the  realm 
of  pathologyT  An  individual  with  a  supemunierary  nipple,  a  person 
'ilh  polydactilism.  a  woman  with  uterus  septus  or  bieornis,  all  are 
pMhoIogic,  although  none  arc  aiok.  Thua,  while  the  biologic  phe- 
nomcna  of  the  diBease<l  state  form  the  greater  part  of  the  realm  of 
puhology,  they  do  not  complete  it.  Its  limits  must  be  extended 
•Mieh  farther,  but  how  far  is  the  point  of  contention. 

>  Bandb.  d.  tpec.  Faffiot.  u.  Therapit.  1854,  pp.  0  3. 
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'  Orth,  Angthomx  u.  ertrbte  Kronhhetltn  u.    Krankhtitsantagen,  in  Krankktit 
vnd  Ehe,  herauspesubcn  voii  ,SiMiBl«r  u.  Kaiuiiitr,  MUnchcn,  1904.  p.  26. 

'  O.  ien^el.  Biotog.  Sludien  n\ 

p.  209,  1895. 
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Many  may  consider  the  statement  of  Virchow*  a  witty  paradox 
wlieu  lie  says  that  the  development  of  new  species  really  belongs  to 
the  realm  of  pathology,  as  a  new  species  must  find  its  origin  in  a 
variation  or  deviation  from  the  prweding  type,  and  variation  from 
type  is  pathologic.  Thus  the  whole  teaching  of  evolution,  the  science 
of  phylogony,  is  to  bo  considered  part  of  pathology.  I  share  through- 
out Virchow's  opinion,  and  in  my  work  on  inherited  and  congenital 
diseases,  recently  published,'  I  have  a^ain  given  tbia  fact  expreseioa 
that  we  must  presuppose  a  vnriability  of  the  embryonal  protoplasm 
{Ktimplasma)  and  that  variation  or  deviation  from  the  previous  type 
either  acquired  or  inherited  or  even  arising  from  external  iufluences 
is  the  necessarj'  preliminary  to  the  fornintinn  of  a  new  species,  8ul>- 
speeiea,  or  variety.  I  would  not,  however,  like  to  go  so  far  as  to  call 
everything  arising  in  this  way  pathologic,  no  more  than  I  can  con- 
sider it  pathologic  when,  by  inimtini/alion,  a  man  is  mnde  l>etter 
than  he  was  before.  Such  a  man  varies  from  the  type  of  normal 
man,  but  is  not  pathologic,  because  the  variation  is  useful  and  appro- 
priate. Only  variation  which  is  inappropriate  or  useless  is  pathologic. 
1  realize  that  it  may  often  be  difficult  to  determine  the  limits  of  the 
inappropriate  and  useless  and  thereby  pathologic,  especially  in  the 
development  of  varieties  and  races.  Thus,  I  should  not  hesitate  to 
class  the  Crested  Polish  fowl  with  its  exeueephaloeele  as  patholoigic, 
while  I  should  exclude  thone  hreed»  which  the  animal  brccderi)  havn 
made  for  useful  purposes  from  pathology,  no  matter  bow  near  the 
pathologic  the  products  of  skill  might  be. 

Variations  from  type  occur  in  inanimate  m  well  m  animate  nature; 
there  are  malformed  crj'stals  just  aa  there  are  malformed  plants, 
animals.iuid  persons,  but  we  are  not  neeiistomed  to  speak  of  a  patho- 
logy of  crystals  or  stones,  but  only  of  plant,  uniinul,  and  human 
pathology,  for  only  wHth  living  beings  can  we  rightly  speak  of  useless, 
inappropriate,  or  pernicious  vftriatlons  from  the  normal. 

Human  pathology,  undoubtedly  the  moat  momentous  and  imjwrt- 
ant  for  UB .  has  made  but  Utile  use  of  plant  pathology  as  yet,  although 
there  can  be  no  doubt  that  many  conclusions  for  general  patholog>' 
as  for  general  anatomy  are  to  be  drawn  from  botany.  The  reaction  of 
plant  colls  to  unusual  conditions,  and  the  morphologic  and  functional 
disturbances  which  occur  under  such  circumBtanees  are  easier  to 
obsen'e,  and  may  well  serve  as  guides  to  the  understanding  of  similar 
processes  in  animal  or  human  cc\h.  Experimental  putholog\'  haa 
already  made  use  of  plants  in  its  investigations,*  but  only  reeeDtly 
have  we  b^;un  to  give  more  attentioo  to  the  spontaneous  diseases 
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dplants,  especially  since  we  have  lcarQi>d  how  great  ardleparasitJsm 
playe  in  \cgetablc  bs  tceM  a»  human  putliuloK>-.  At  the  bcud  of  the 
pwasttic  problems  of  human  pathology  of  the  present  day  stands 
that  of  tbe  etiology  of  tumors;  here  cancer  cells,  here  cancer  para- 
aites,  so  sound  the  buttlc-cries,  and  a  puraailiu  new  formation  in  the 
regetable  kingdom,  the  club-root  of  turnip,  did  DOt  only  have  to 
fninish  the  paradigmH  of  cnncers  in  man  and  beast,  but  eomc  inves- 
tigators have  even  gone  a  step  fanher  nrid  see  in  Platmodiaphora 
tnxuaicat,  the  parasite  of  club-rout,  the  exciting  cause  of  animal 
umors  nr  at  least  a  cloiie  relation  of  such  cause.' 

Very  different  is  the  relation  of  human  to  animal  pathology, 
not  only  on  account  of  the  closer  relation  between  man  and  ani- 
mal, by  reaaon  o£  which  a  comparison  of  observations  between 
animals,  especially  the  higher  vertebrates,  and  human  pathology 
is  more  pennimible,  but  also  because  the  questions  to  bo  dccidvd 
experimentally  munt  be  proved  in  the  main  on  animals. 

Kven  though  a  complete  agreement  between  the  phenomena  of 
human  nnd  animal  puthology  cannut  exist,  as  tbe  function  and  con- 
ttructjon  of  the  animal  body  and  its  orca-na  do  not  entirely  agree  with 
Uiose  of  man;  e^-en  though  many  diseases  which  attack  man  do  not 
occur  in  unimala,  still  antilogies  are  not  wanting  and  the  siiniliartty 
is  greater  the  higher  the  group  among  the  vertebrates  to  which  the 
inimal  in  question  belongs.  An  especial  advantage  of  compara- 
liv«  animal  pathology  is  that  the  necessiiry  mHteriiiJ  is  not  only 
easier  to  obtain  thfto  the  human,  but  that  particularly  by  volun- 
tary killing  of  pathologic  animals  accurate  morpholngic  investi- 
gations can  be  made  at  any  desired  stage  and  on  i»erfectly  fresh 
luBues  free  from  cadaveric  changes.  Especially  valuable  condu- 
mns  can  be  dra»n  in  those  di.scaie.s,  which  are  common  to  man 
ud  animals,  the  itoonoee^  and  the  anomaliei^  of  formation,  the 
simpler  ones  os  well  as  tho  monsters  in  the  narrower  sense. 

A  nomewhat  neRiected  reaim  of  comparative  pathology  has  re- 
cently attracted  the  attention  of  patbologiista  in  more  and  more 
increasing  degree;  namely,  tumor  formution  in  the  lower  animals.' 
From  their  construction  we  may  expect  to  draw  valuable  conclu- 
noo8  in  regard  to  the  pathology  of  human  tumors,  not  only  in  the 
morphologic  but  also  in  the  genetic  direction.  One  point  espe- 
cially come*  intoconsideralion,  which  also  plays  an  important  part 
i&  tbe  utilization  of  animal  pathology  in  other  directions,  the  poe- 
aibility  of  purposeful  inoculation  experiments  from  animal  to  ani- 
mal.* 

Unfortunately  the  great  value  of  experimental  research  for  all 


'  Oarloid,  Zri/Ki-Ar.  f.  KrriuilonirtMng,  I,  lfl03. 

"*  Pldt  u.  PiJI.  Ikrliii.  Kliu.  Woehne.-elir.  IHM 

'  C.  0.  Feiww.  Ezp/rim.  UntfrnieK.  ihcr  Krtb 

«v.  p.  39,1003:  BoTTtl.Epithtl.inieetituin  Ann.  dt  I'lnat.  Pasltur.  1003.110.2, 
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branches  of  puthologj-  *  is  cot  sufBvieatly  known  among  the  laity, 
end  attempts  through  governmental  interference  to  lay  dlBieulties 
in  the  n'ay  of  experimental  investigatioa  (vivtaevtion  &s  it  Is  called 
by  tJic  laity,  scientific  aiiimiU  torture  according  to  its  oppuaents), 
ere  constantly  being  made,  not  seeing  that  misu»e  of  it,  even 
if  it.  should  occur,  is  considerably  outweighed  by  its  undeniable 
value.  Pathologic  anatomy,  bacH!riolog,v,  pathoio^c  chemistry, 
end  above  all.  pathologic  physiology,  cannot  fulfill  their  scientific 
value  without  animal  experiment.  A  large  pan  of  the  progreas 
in  pathology  is  Ijound  up  wjlh  experimental  rceearch.  Every  ad- 
vance in  pathology  has  eooner  or  later  been  of  use  to  man.  Could 
our  progress  in  tho  pathologj'  of  the  infectious  disea.seg.  aad  our 
prugress  in  the  prevention  aad  treatiueul  of  them.  Im^'c  been  aiudu 
without  experimental  pathology?  The  explansition  of  the  origin 
of  tumors  must  also  finally  arrive  by  experimentfil  invcstignlions, 
and  just  there  it  will  be  of  especial  value  to  be  able  to  curry  on  thft 
ejcperiments  on  tho  earaa  kind  of  animal  in  which  the  tumor  natur- 
ally ocfiuis.  Jf  we  should  .succeed  in  finding  a  specifie.  probably 
parasitic  cause,  the  possibility  of  demonstrating  the  pathogenicity 
of  thin  disease-producer  on  animals  of  the  same  sort  is  incalculable. 
But  such  experimenlta  presuppose  exact  knowledge  of  the  pathology 
of  the  animals  exporimented  upon,  that  is,  comparative  pathology, 
and  mtmy  dit^cussioos  of  the  prvM^-nt  day  hav«  turned  on  the  point 
whether  nhangeii  which  were  found  after  the  exi>eriment  were 
results  of  the  experiment  or  chance  pathologic  findings  to  which 
the  experiment  had  no  genetic  relation.  If  one  docs  not  know 
what  kind  of  tumoro  occur  in  the  organs  of  the  animal  which  he  is 
u^ng  for  experimental  purposes,  he  will  easily  fall  into  the  danger 
of  considering  new  formations  as  the  result  of  the  microurganisms 
injected  by  him  and  will  report  having  produced  a  tumor  when 
merely  a  spontaneous  new  growth  existed. 

So  far  I  have  considered  anlmftls  only  as  passive  objects  of  ex- 
perimental pathology.  1  have  spoken  of  animals  and  plants  merely 
0.S  the  aio.1t  important  subjects  for  comparative  pathology.  There 
ttpe,  however,  much  closer  relations  between  pathology  and  botany 
and  zoology.  Both  those  sciences  have  had  increasing  importance 
for  pathology,  as  simT  proof  was  brought  that  the  most  important 
causes  of  disease  belong  to  the  plaut  and  animal  kingdoms. 

Investigation  of  the  causes  of  disease,  of  the  different  conditions 
which  form  Ihii  basis  of  deviations  from  normal  types,  t>etongs  as 
much  in  the  realm  of  pathology'  as  the  study  of  thcfo  deviations 
and  their  development  itself.  The  etiology  and  pathogeoeas  are 
a  part  of  pathology,  and  it  is  especially  through  them  that  patbo- 

'  n.  ^'iri-limr.  l^fUrr  if'n  Wi-tili  rlrt  patliohiffiathm  Bxperimentt,  lotcrDat.  S^Icd. 
CongRw,  London,  1887,  Berlin,  l&W. 
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logy  bfts  its  clowot  relatiunship  with  tbe  other  scietieee.  Meclmnics, 
generaj  and  cosmic  physics,  geology  not  Ices  than  gcograpby,  in- 
orguiic  M  n-ell  as  organic  chenilstTy,  social  And  militAr}-  liiirtory, 
aoeiolofor,  and  commercial  dcieDce,  etc.,  must  all  be  coiuddered  for 
tbe  enlightenment  of  the  PtioIng>'  of  diseaac  and  the  explanatioo 
of  the  appcsmncc  of  discu;^,  e«peciiUlv  in  regar<l  to  tiim^  And  pluoo 
(historic  Keogr&phio  pathology).  But  above  ul]  stand  zoijlogy  and 
botany,  for  the  most  important  and  most  common  diseases  are 
.produced  by  living  Vjeings,  by  parables. 

It  is  an  old  statement  in  pathology  that  a  parasitic  relation  existfi 
in  diBcnse.  For  a  long  lime  the  diReaao  as  such  was  thus  per* 
Bonified;  it  wns  spoken  of  as  an  organiAm  within  the  organism,  a 
paRutte,  n-hich  aa  Wunderlieh  '  s&xd,  was  anthroposed  or  phyto- 
morphoscd  in  every  way.  To  it  was  ascribed  an  existence,  a  growth, 
limbs  and  organ!*,  a  pon-er  of  endeavor  and  of  thought,  even  a  sick- 
neea,  death,  and  finally  a  corpse.  Pathology  has  done  away  with 
this  cnm'eptinn.  It  i^  true  that  n'C  Ktill  speak  of  the  disease,  of 
diolera,  t>'phoid  fever,  pneumonia,  etc.,  and  that  in  practical  mcdi- 
tino  we  etiU  speak  of  treating  tbia  or  that  di.«ciise.  A  treatment  for 
iiyphilis,  for  diphtheria,  or  some  other  disease  in  recommended  as 
if  ve  spoke  of  something  tangible,  iudependeiit.  But  all  this  is  only 
(or  convenience  of  expression,  and  we  know  very  w«II  that  what  we 
call  a  cUaease  is  not  an  entity  but  only  a  group  of  phenomena  whirh 
hkve  for  tbeir  basis  a  common  cause.  There  are  really  no  diseases, 
but  moreiy  Kick  men,  disoAMtd  orgAns.  diseased  tissues,  diseased 
pells,  and  it  is  the  cauBe  of  these  disturbaneea  whiL-h  brings  about 
tlie  special  phenomena  whirh  we  observe  in  the  diseased  part. 

Tliis  cniisc  may  be  a  partistte.  Centuries  ago  the  opinion  was  occa- 
BOnally  expressed  that  dineases  were  caused  by  living  beings,  which 
diatorbed  the  life-processea  in  the  human  body.  Id  the  middle  of 
tbe  last  century  the  view  that  there  mu.>tt  be  contaffium  vivum 
vas  victoriouely  upheld  by  Hcnle.'  but  only  in  the  last  decades 
o(  ttie  nineteenth  century  was  actual  proof  brought  fonvard  that 
by  far  the  oomTnonest  cau!>es  of  disease  are  living  org.%nisnui  wLich 
lire  parasitically  on  or  in  the  human  body.  The  disefla(>  is  not  the 
tiansite,  but  one  ponuiito  or  many  parasites  cause  those  variations 
frotD  the  normal  structure  and  function  of  parts  of  the  body  which 
in  tbeir  entirety  we  call  diseaHo. 

By  parasitology  a  close  imion  is  made  between  pathology  and 
the  described  natural  B4!ience8  and  thus  with  genera)  biology. 

The  great  biologic  question  as  to  the  origin  of  tho  lowest  being 
il  [dated  principally  to  the  human  parasites.  In  spite  of  the  state- 
tDsat  of  the  great  English  physician  Harvey,  "Om/ie  vivwm  ex  ovo," 

•  Wundpriich,  Hdh.  tt.  Palhol/jg.  u,  Thtrap.  i,  p.  12,  1S52. 

*  H«nIo.  //(£(.  d.  Ralim.  Pathiil.  ii,  2  p.  157.  BrBiiiu>ct>wirlg,  1853. 
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the  doctrino  of  Hpontaneous  genenttion,  which  rulod  for  thousands 
ot  yeais,  lirul  not  vanished  from  gcieiice,  aud  in  the  be^'iining  of 
the  Uut  century  nitturol  philosophy  trcfitcd  with  preference  on  the 
beginning  of  life,  and  some  uro  not  lacking  in  our  day  who  believe 
that  they  see  in  the  doctrine,  that  the  tissues  of  our  bodies  break 
up  in  decomposing  into  email  organisms,'  on  expression  of  the 
immortality  of  the  life  principle. 

That  the  large  inteetinal  worms  do  not  arise  from  the  dirt  of  the 
intestinnl  ciinal,  from  saburra,  but  that  for  them  Harvey's  rule 
holds,  has  been  shown  by  both  zo&logiats  and  pathologistti.  For 
the  amalleet  beio^  we  may  mention  the  chemist,  L.  Pasteur,  with 
the  physician,  Robert  Koch,  the  former  of  whom  conclusively  dis- 
proved the  spontaneous  generation  of  microorganisms;  the  latt«r 
as  the  discoverer  of  the  methods  which  permitted  us  to  ascertain 
jiiinply  and  surely  the  constancy  of  form  of  a  niit-roiirgftnism  und 
to  give  incontrovertible  proof  that  in  every  single  microorganism 
the  law  of  generation  waa  true,  not  entirely  in  Harvey's  eense,  but 
in  the  more  general  form:   Omite  vivum  e  vivo  t^juadem  generis. 

But  it  ie  not  only  general  biology  which  has  been  furlhored  by 
the  parasitology  of  the  physician,  but  also  special  biology  and  tho 
8yst«nmtic  cliiswficntion  of  parasitic  animals  and  plants.  Just  here 
is  plainly  shown  that  pathology  cannot  in  any  way  be  separated 
from  the  other  natural  sciences,  as  it  in  not  only  the  receiver  which 
makes  practical  u.'*e  nf  scientific  discoveries,  but  also  the  producer 
which  by  its  own  effort,  and  through  independent  porformancea 
furthers  science.  The  modem  development  of  bacteriology,  the 
determination  and  elaboration  of  exact  methods  of  inveirt.igalion,  the 
morphology  and  biology  of  bacteria,  have  not  been  entirely  developed 
by  butaniBtK,  but  it  has  been  and  still  is  physicians  and  pathnlngista 
who  may  claim  a  large  part  of  the  results  as  due  to  their  efforts. 

The  same  relation  in  working  together  exists  between  pathology 
and  zoology  in  regard  to  the  parasitic  animals.  Here  the  points  of 
contact  of  the  two  sciences  are  doubled,  for  on  one  hand  the  change 
of  generations  of  many  human  parasites,  their  occurrence  in  different 
hosts,  as  welt  as  the  fact  that  animals  may  be  the  simple  conveyers 
of  parasites,  required  the  human  paraHitologist  to  bring  the  animal 
world  into  the  realm  of  their  investigations;  on  the  other  hand,  tho 
morphology  and  systematic  study  of  the  parasitic  animals  themselves 
has  been  ascertained  with  conaiderable  assistance  from  pathologists. 
In  the  first  clasfl  I  will  only  recall  the  joint  work  of  pathologists 
and  zoologists  on  tricliinosis.*    In  determining  the  relation  of  this 

•  R.  Anidt.  Unlers,  Obirr  A.  Enttchung  von  Kokkan  arid  liahtrirn  in  trrpanvKhm 
Sub»tanim.  Vircliow,  Arek.,  82,  p.  !19,  ISSO;  A.  P.  Tokkfc,  VernHrA.  fifut  nauat 
BakS'^ricnkhrc,  1903. 

'  2<'nker.  Arch.  t.  p.  90;  Lcukart,  Unifr$.  *h.  Tridi.  rpirai.  ISflfl,  R.  Vhehow, 
Lehn  wm  den  Trichuun. 
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dmBC  io  pigs  and  other  aDimals  to  that  in  man;  rnaJarin  and  the 
rtic  which  unophclCH  play  therein;  the  recent  investigiitions  on  the 
coD\-eYance  of  plague  and  other  infectious  dtaeases  by  animals. 
Nftines  of  phyacians  like  Kuthonmeister,*  Davainc,'  nnd  others 
h»ve  pvcn  human  paraaitoa  their  final  place  in  loolugy.  J  wish  also 
to  call  atl«ntion  to  the  very  recent  investigatioiiH  concerning  pro- 
tutoa  &8  disenBC-pToducei?,  one  of  the  most  burning  questions  of 
modern  patholoRy,  a  question  of  extreme  importance,  and  also  of 
correspondingly  great  difficulty.  Unfortunately,  investigations  on 
the  para^tic  prototoa  rennain  still  in  tlicir  infancy,  but  even  on  this 
question  the  pathologists  of  Europe  and  North  America  may  demand 
recogcitioQ  of  their  zealous  work. 

Cloeeitt  and  most  numerous  are,  of  course,  the  relations  of  patho- 
logy to  anatomy  and  phyaiology.  Just  aa  the  study  of  the  normal, 
typic  man  is  divided  into  anatomy  and  pathology  with  physiologic 
chemistry',  so  also  is  patliology  (apart  from  etiology  and  pathogenesis) 
nuuto  up  of  pathologic  anatomy  and  pathologic  physiology  with 
pathologic  chemistr)'.  Just  as  health  and  disease  pass  imperceptibly 
into  one  another,  no  there  can  be  no  sharp  iirie  drawn  betftven  patho- 
logic and  normal  anatomy,  normal  and  pathologic  pliysiologv'.  These 
studies  arc  nut  different  scic-ncCH,  but  branches  of  the  same  scientific 
tree  with  the  same  stem,  the  same  roots.  Their  methods  of  investi- 
gation are  miunly  the  same.  Discoveries  in  one  generally  mean 
progress  in  the  others. 

The  lime  is  not  long  paat  when  iniitruction  in  pathologic  anatomy 
ID  our  univeratics  was  in  the  hands  of  tho  professor  of  normal 
anatomy,  and  when  men  like  J«h.  Fr,  Meckel,  Johannes  Muller, 
sod  others  enriched  and  fostered  normal  as  well  aa  pathologie  ana- 
tomy. Pathologic  anatomy  is  only  conceivable  on  a  basis  of  normal 
uiatotny,  and  o  glance  ut  the  liislory  of  medicine  shows  how  every 
progress  in  normal  anatomy  has  produced  an  increase  in  the  know- 
ledge of  pathologic  anatomy.  Only  the  flourishing  of  anntomy  in  the 
BXteentb  century  made  the  development  of  pathology  to  a  separate 
science  during  the  ensuing  centurj-  possible.  But  here  also  pathology 
was  not  only  the  receiving  but  freqiienlly  the  producing  seietice. 
Pathologiats  not  only  enriched  anatomic  and  histologic  methods, 
but  contributed  largely  to  the  development  of  accurate  anatomy, 
the  general  as  well  as  the  special.  Who  does  not  think  in  cnnneetion 
with  "general  anatomy"  of  Kudolph  Virchow,'  the  man  who  coined 
Ihe  famous  words  "omnia  crKij/o  e  cfilula  "  corresponding  to  Harvey's 
"omne  vivum  ex  ovot"    That  saying  while  resting  in  great  port  on 

'  Kach^nmeietfr,  Die  in  tmd  an  d.  KOrper  d.  Intend.  Afentfhen  vorkommen- 
imPanuilen.lSTS.lST^.a.   Aufl. 

*  Davsine,  Trailf  dn  EniMoairea.  Pnris.  1S77.  2.  Aufl. 

•  Kt  C^lularjxaholagii  m  thrtr  Brgrundinu}  mij  phyttoUmsflu  und  path»- 
hgitktGtmbtltkn,   1.  Aufl.  IS&S;  4.  Aufl.  1871. 
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pathologic  observatioDS,  is  equally  true  for  pntliologic  and  normal 
anutomy. 

In  connection  with  special  anatomy  it  will  suffice  to  refer  to  the 
progress  in  the  anatomy  of  the  brain,  especially  to  the  course  of  its 
fibers,  in  order  to  show  how  much  pathology  has  ooDtributed  to  the 
knowledge  of  nonnal  etnicture.  The  great  prognssa  which  the  fine 
brain  anatomy  made  in  the  last  denades  of  the  last  century  is  due 
in  large  part  to  pathologic  observations,  medical  inveetigationa, 
methods  conceived  by  physicians,  and  the  rCKult  of  invcatigationa 
has  been  brought  fonvard  in  connected  form,  especially  by  medical 
writeis. 

The  e^nic  is  true,  but  even  to  a  higher  degree,  of  physiology,  the 
pathologic  branch  of  which  bas  unfortunately  not  received  the 
deserved  recognition  and  fostering  in  every  place  as  a  separate 
Bciencf,  but  which  nevorthcloss  has  not  been  neglected  by  scientific 
medicine. 

A  large  part  of  our  knowledge  of  human  physiology  has  been 
obtained  by  the  ol>«5rvntions  of  fiinctions  changed  by  diBeiisc  as  they 
appear  as  symptome  of  diseam  tn  man  or  are  produced  artificially 
by  experiment  on  animals.  Where  would  the  physiolog)'  of  the 
brain  be,  if  pnthology  hud  not  made  clear  the  position  of  (he  centres 
and  the  course  of  the  tracts  from  the  constantly  wcurriiig  symptoms 
and  lesions  and  pathologic  experiment  had  not  proved  the  correctness 
of  thu  conclusions  which  were  drawn  from  human  observations? 

What  would  general  cellular  physiology  be.  if  obeervation  of  the 
behavior  of  cells  under  varying  life  conditions  had  not  given  us 
information  concerning  the  processes  under  iiorinaE  nonditions  ? '  Is 
not  general  cellular  phyaiolog)*  rather  a  product  of  cellular  patho- 
logy? Was  it  not  a  pathologist,  R..  Virchow,  who  introduced  the 
idea  that  the  cell  is  the  iinol  form  element  of  all  vital  phenomena, 
and  who  arrived  at  this  conclusion  not  least  throtigli  pathologic 
observations? 

From  the  deviations  one  recognixes  most,  readily  the  law.  There  is 
no  problem  of  general  biology  which  has  not  received  enliglitcnment 
and  explanation  from  the  cxperienccB  of  pathology.  The  doctrine 
of  heredity,  to  name  only  a  few  of  these  problems,  plays  no  small 
rdle  in  pathology,  and  many  cnsce  of  pathologic  heredity  throv 
a  clear  light  on  the  subject  and  nature  of  heredity  in  general.  The 
latest  discoveries  of  pathology  in  the  realm  of  hematology,  the  doe- 
trine  of  agglutinins  and  precipitins,  has  already  led  to  most  valuable 
revelations  respecting  the  general  biologic  question  of  the  blood 
relationship  of  animals  with  one  another,  and  of  animals  with  man. 
The  blood  of  anthropoid  apes  and  man  shows  similar  beha\'iore, 
but  dififers  from  the  blood  of  other  animals. 


>  VbTwom.  AU(fem«ine  PhysiologU. 
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Etpecinlly  numerous  asd  close  rclattonB  exist  but'n'cen  pathology 
asd  that  branch  of  biology  which  treats  of  the  devclnprneot  of  the 
InimsD  and  animal  body,  aad  these  relatioas  are  daily  becoming 
closer  und  mure  oumorouii,  as  more  and  more  frequently  it  c&d  be 
proved  or  at  least  made  probable,  that  pathologic  phenomena  of 
all  kinds  form  the  basis  of  ontogenetic  disturbances  of  the  greatest 
nriation. 

An  important  difTerence  exists  betn-een  nonnal  and  pathologic 
uacomy,  in  so  far  a«  the  genetic  consideratiou  plays  a  much  greater 
itie  in  the  latter  than  in  the  fanner.  Finished  conditiune  form  the 
I«sis  of  descriptive  anatomy.  Pathologic  anatomy  must  always 
coDsider  phases  of  development  and  none  of  its  observations  can  be 
vodcralood  tf  their  origin  cannot  be  explained  and  if  the  original 
cmdition  and  the  further  development  of  its  changes  cannot  be 
determined-  The  original  condition,  however,  leads  more  and  more 
Irequeutly  back  to  the  time  of  embryonal  development.  It  is  to  the 
ctemal  merit  of  Joh,  Fr,  Meckel,'  the  anatomist  and  pathologist, 
of  Halle,  thnt  he  sttowcd  for  the  first  time  in  the  caee  of  a  mnlforma- 
tion  of  the  intestinal  diverticulum  that  the  essential  part  of  the  varia- 
tion from  the  normal  consists  in  this,  that  a  condition  which  is  normal 
for  a  certain  period  of  embryonal  life,  but  which  should  only  have 
a  Iranaient  existence,  is  retained  and  is  always  recognizable  in  later 
•toges  of  development,  even  though  changed  by  tho  progressive 
KTOwth  of  the  part.  This  demonstration  was  the  more  important  and 
valuable,  as  it  treated  of  a  theme  n-hicli  had  hitherto  been  the  ground 
of  the  most  remarkable  genetic  theories.  The  apparently  planless 
varbtion  from  type  was  explained  as  the  work  of  demons  or  devils 
ur  as  a  freak  of  creative  nature  {lusua  naturae).  Now,  it  was  shown 
for  the  &rat  time  that  also  in  the  realm  of  malformations,  order  and 
law  governed  the  prooess  and  not  arbitrariness  and  freakishness,  and 
(bat  B'B  must  consider  the  embryonal  development  of  these  malfor- 
nationsif  we  would  understand  and  explain  these  methodic  processes. 

Thus  was  founded  the  doctrine  of  imperfect  development  and 
(Towth,  and  as  the  basis  for  tlie  explanation  of  malformations 
\Hrmmungs-Afit»biItiungcn)  it  has  been  especially  fniitful,  aa  the 
fissures  about  the  face,  malformations  of  the  female  genitals,  and 
rongonital  malformations  of  the  heart  will  show,  hut  that  they  have 
not  yet  closed  the  list  in  shown  by  the  recent  investigations  of  cyntio 
Iridneys,  which  have  proved  these  to  be  duo  to  a  checking  of  the 
(tevelopmenl  of  the  embryonal  organs.  These  examples  jihow  that 
<Gsturbances  of  embrj'onal  development  are  not  only  of  importance 
in  causing  variations  from  the  type,  such  as  malformations,  but  also 
far  disease-processes  in  the  narrower  sense,  which  originate  most 
readily  in  malformed  parte  or  organs.  The  idea  that  congenital  heart 

>  J.  F.  Meckel,  BaiuB).  d.  palhot.  Awti.  I,  p.  d&3. 
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diWMe  WM  due  to  endocarditis  in  fetal  life  was  largely  due  to  the 
knowledRft  of  tlie  suBceptibility  of  the  malformed  part  to  secondary 
so-called  chronic  iuflamniation.  This  is  true  not  only  of  the  coaoro- 
acopic  conditions  like  those  meotioned,  but  it  also  favors  the  idea 
that  incurupleteness  in  the  fornuilton  and  the  Inter  development  of  a 
part  cause  a  local  disposltiou  to  disease.  But  this  is  only  one  ^de  of 
the  relationship  between  distiirbttnires  of  developinctit  and  discasv. 
Another,  perhaps  even  more  important,  in  that  which  treats  of  the 
development  of  tumors  oo  a  basis  of  disturbance  of  development. 
The  ttiinon  of  undescended  testicles,  the  origin  of  new  formations 
from  dispUved  adrenal  fragments,  are  as  familiar  to  pathology  and 
OS  surely  establiehed  as  the  occurrence  of  dermoid  cysts,  which  can 
only  be  explained  on  the  baas  of  the  liislory  of  development.  The 
well-known  theory,  according  to  which  all  tumors  depend  on  dis- 
turbances in  embryonal  development,  slill  lacks  eutticient  proof. 
Both  pathologists  and  emhryologists  have  been  successful  in  showing, 
however,  that  one  tumor  at  least,  the  dermoid  of  tho  ovary,  only 
finda  a  aatiafactory  explanation  in  the  presence  of  derivatives  of  all 
three  embryonal  layers,  thus  indicating  a  very  early  disturbance  of 
development.'  These  tumors  are  closely  related  to  nrnlformationa 
and  pass  without  sharp  division  into  true  monstrosities.  The  study 
of  all  malformations,  not  only  those  due  to  impeded  development 
and  which  no  one  attempts  to  deprive  pathology  of,  is  not  to  be 
separated  from  the  study  of  normal  development,  for  the  origin  of 
tnalformationa  goes  back  to  the  earliest  embryonal  period,  and  not 
only  rnaiformalions  of  the  whole  body  but  anomaIie:3  of  its  single 
parts  can  only  be  understood  and  their  origin  explained  In  tho  light 
of  normal  developmental  processes. 

On  the  other  side,  experimental  teratolog>-,  which  is  doubtless 
a  branch  of  pathology,  haji  made  most  important  advances  in  the 
liimwitwigc  of  the  laws  of  normal  development,  the  laws  which  govern 
the  details  of  the  regular  formation  of  the  embrj-o.  Here  also  no 
sharp  line  can  be  drawn  between  pathology  and  embryology.  Patho- 
logy takes  its  place  alongside  of  embr^'ology,  with  equal  right  and 
equal  importance. 

Thus  we  see  pathology  placed  centrally  among  the  biologic 
Bciences,  bound  inseparably  to  all  of  them,  not  subordinate  to  any 
but  their  equal,  receiving  help  from  all  aides  but  giving  as  much  in 
return.  Lastly,  it  muat  be  stated  that  it  is  the  problem  of  life  which 
forms  the  subject  of  pathologic  work.  Even  though  it  wanders  in 
its  own  ways,  and  possesses  its  especial  questions,  it  is  finally  led  to 
the  general  question  of  every  biologic  investigation. 

'  Marchand.  Butmbtirg'*  Real  tlnrycloptuAvt.  xv.  432,  1807;  Bonnot,  Krgthn. 
J.  Anal.  u.  EnlipiiktungageiKh.  ix.$20.  I8&9:  Wilms,  Dim  MinrhgfJichwOliU,  1S99- 
1002. 
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Ftnnts  of  contact  vritb  philosophy  are  aJwaya  preaeuted  by  tbeee 
general    biologic   problems,   and   we   need   only  numc    Lotzc,'  the 
phyacian  anti  pliilosopher,  and  Iiik  work  on  General  PtUfiology  at  a 
Maltanieai  Sciettee,  to  find  the  close  relationship  between  pbiioBopby 
mad  pathology  iwrsoniried  in   niodom   tiiiie«.   Mctuphysiv  consider- 
ation of  empiric  assertiunti  is  necessary,  as  Kant  bus  taught,  to  draw 
geofiial  conclusions  and  formulate  general  rules  and  laws  from  the 
observation    of    nature.     Biologj-,  and   not    least,    patliologj-,  lead 
«ve3rywhcre  to  the  lioiils  of  our  knowledge  of  njilure,  where  fixed 
knowledge  finds  its  end,  where  we  must,  with  Du  Dois  Heyitiond,* 
acknowledge  our  i^oronceof  what  lic«  b«yond,  but  where  philosiopliin 
contemplations  point  a  higher  and  more  general  way  out  oi  our 
ciifficulty.   These  limits  to  our  knowledge  are  not  lasting,  however, 
for  pathology.   We  ft-ill  not  remain  iu  ignorance  as  long  as  the  know- 
ledge of  healthy  and  discsfecd  life  proRrcssee,  and  the  boundaries  of 
natunU  science  and  philosophic  contemplatioQ  of  the  problems  are 
Iseing  extended.    lncrea»ng  knowledge  of  facts  must  be  the  basis  of 
philosophic  contenipIfttioD,  if  tliia  would  have  real  value. 

There  was  a  time  in  pathology  when  philosophic  conceptions 
utweighed  ail  other  considerations,  and  when  it  was  believed  that 
all  the  problems  of  general  biology  and  thoac  of  general  pathology 
could  he  solved  by  pure  reusoning.  This  period  of  nalurul  philosophy 
■was  as  unfruitful  for  real  progress  in  pathology  as  the  period  of 
dogmatisni  in  the  Middle  Ages,  when  Aristotle  and  Gitlen  were  looked 
upon  oe  the  sum  of  all  wisdom,  and  pathology  was  nothing  more 
tli*n  philology,  as  all  scientific  work  con^sted  priiicipally  in  criticis- 
ing and  eOEomenting  upon  the  Greek  wTitings. 

Thb  chftnged  only  after  we  emancipated  ourselves  more  and  more 
fnitn  the  old  dogmatic  belief  and  through  original  investigations 
l»id  a  true  scientific  foundation  for  pathology.  The  maxim  of  the 
peat  Morgagni.'  "Nulla  autem  est  alia  pro  ctrio  nascendt  ma,  niai 
jMiwi  pturimas  ei  morborum  et  Jissectionum  hislorias,  turn  aliorum 
l«m  proprias  eoilmtoi  hahere  H  ivtrr  gf  compnrart."  as  well  as  his 
other,  "iVon  numrrantiae  sed  perpetulendae  sutit  obgervationta."  had 
t»  receive  general  recognition  l>efore  pathology  was  enabled  to  take 
lUfdoee  among  the  other  natural  i^cicncc*.  This  place  it  had  lost, 
lor  in  the  renaissance  of  eeience  in  the  eixteenth  century  pathology 
Wood  in  close  relation  to  the  other  nat^u'B)  sciences;  and  medicine 
■rts  for  centuriea  the  hearer  of  all  natural  science  and  included  all 
other  sciences  within  itself,  so  that  not  only  did  the  teachers  of  other 
Kieacw  belong  io  many  cases  to  the  medical  faculty,  but  xo61ogy 

'  L»iw,  t>u  <t/iMiN«iFM  PalMotM  und  Thitapif.  nh  nwcJuinuifJit  Natuneitttn, 
<*A  Uipwp.  iSj. 

Do  Bob  H^ymotid,  Vrher  die  Grtmen  dua  Smwrrkmntna,  Nnturfornchcr-V*!^ 
WMdnni  In  t*tpaig,  IS77- 
t>finbut  tt  cmtm  nmixirum,  per  ajuibmtn  inthgalu,  1701. 
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nnd  botany,  physics  and  chcmisrtiy,  were  taught  by  phy»ciat)B.  W©' 
Deed  only  n-ciill  Haller  and  his  great  teacher  Boerhaave,  who  suc- 
cessively occupied  tiie  cliaire  of  botany  and  chemistry,  of  practJcal 
and  theoretic  medicine,  aad  uttuined  fume  in  nil  tiiCM  brnnches.  J 
All  thie  has  changed  in  the  course  of  time;  the  ctiildren  have  eepa-  < 
rated  from  their  mother  and  have  further  developed  themselves, 
and  tholr  development  to  ^rcat  sciences  has  proceeded  more  rapidly 
than  that  of  pathology.   The  time  is  not  long  past  when  the  emancl-  , 
pated  looked  down  on  pathology  and  would  not  recognize  it  as  an  1 
equal  science.   Did  not  Vin-how  fuid  it  necessary,  before  the  congress  I 
of  German  naturalists,  in  1867,'  to  insist  on  the  scientific  equality  ■ 
of  pstholog)-,  and  to  demand  that  the  sn-callcd  exact  natural  science* 
should  recogKiKe  patholfi^y  as  an  equal  cximpaniou,  J 

In  faet.  ss  pathology  {excepting  in  purely  ctiologic  Btudiee)  cannot" 
do  without  physics  and  chemistry,  as  she  also  strives  to  refer  patho- 
logic phenomena  to  physical  and  chemic  lawa,  ao  she  has  given  some- 
thing to  these  sciences  and  even  to  the  present  time  has  furnished  , 
workem  vrtiieh  have  amured  themEelves  a  lasting  place  in  the  history  | 
of  exact  sciences.    Is  not  the  mention  of  the  name  of  the  physician, 
Robert  Mayer,  the  discoverer  of  the  law  of  conservation  of  ener^, 
and  uf  Hehnholtz,  who  began  his  prufeKtorship  in  Konigsberg  with 
lectures  ou  general  pathology,  sutficieul  proof?    The  literature  of 
Rontgcn,  radium,  and  other  hght-raysiihows  sufBL-icntly  how  to  this  . 
day  pathology  taken  part  in  the  investigation  of  physical  problems.  { 

The^e  investigations  lead  to  another  especially  important  field, 
that  of  chctiiistrj'.    Questions  which  were  dctvriniucd  in  the  chemical 
laboratory  of  my  institute,  the  proof,  namely,  that  by  the  effect  of- 
radium  rave  on  cancer  tissue  impediments  which  stood  in  the  way 
of  the  HCtiou  uf  preexisting  cytolysins  are  Net  a.'<ide,  are  nothing  but 
ehemic  queiStiona.  Thirteen  years  ago  I  stated  in  a  rector's  address,* 
that  only  pathologic  chemistry  on  a  basis  of  cellular  pathology 
could  take  us  further  in  the  study  of  infectious  diseases,  that  the 
chcmiatry  of  bacteria,  the  normal  and  pathologic  chemietry  of  the 
cells,  vas  the  problem  of  the  future.  This  statement  can  be  enlaiged 
upon;   in  whatever  branch  of  modern  pathology  vre  seek  progress, 
we  finally  always  meet  chomie  questions,  and  it  noeds  no  prophet 
to  tell  us  that  the  greatest  progress  of  pathology  in  the  immediatejj 
future  will  be  along  the  Hoes  of  chemitttry.    In  all  directions  patho-1 
iogists  have  united  with  chemists  to  further  tho  study  of  the  chera-) 
istrv'  of  protcidfl.     Physicians  and  pathologists  have  furthered  the 
knowledge  of  precipitins,  agglutinins,  and   lysins  nf  various  sort«, 
not  only  in  their  practical  but  also  in  their  purely  scientific  relations, 
and  have  hi'j;un  to  study  these  substances  iilnnK  diffonrnt  Unea, 

'   Vrher  dir  neuemi  Fortifhritle  in  ier  PalholoyU,  Vortrag  lii  tier  2.  allfctneli 
Sltwinp  «m  30,  St-pU-iMbcr,  1867- 

'  frivr  if.  ForiedirUle  der  Attiolofit,  OOUtngMi,  4.  June,  1891. 


RELATION    TO  OTHER  SCIENCES 


135 


I 

'         Ncab 

I      ifirec 

H  p&th( 


Pathology  standn  in  close  relation  not  only  with  that  group  of 

physical  sciencee  which  treat  of  life-proceasea  and  livinf^  organiOTM 

but  also  with  tho  exact  physical  sciences.     To  these  also  maoy 

bridges  lead,  over  which  the  connecting  links  flow  in  both  directims, 

ptfhology  pving  as  well  as  ret-eiving.     A  separation  o£  pathology 

{mbq  the  other  scicnoca  could  therefore  only  be  made  by  force,  for 

pathology  forms  an  integral  pnjt  of  the  science  of  life,  biology.  I  do 

not  consider  it  just,  therefor*,  that  in  this  Congrc-MS.  bacteriology, 

ffbich  draws  its  grcsitcHt  importiince  from  that  part  which  belongs 

w  pothology,  which  is  thus,  principally,  a  part  of  pathology,  has 

been  placed  by  itself  in  Division  C,  "Physical  Sciences"  {Natur- 

iftj*cii«cAo/t),  and  pathology  in  Division  E,  "Useful  or  Utilitarian 

Sciences."   Is  bacteriology  not  an  eminently  useful  science?  Has  it 

Dot  found  the  most  witlespread  use  in  medical  practice?    Have  not 

otter  branches  of  patliolctgy.  and  especially  pathologic  anatomy, 

been  reproached  because  it  ha.<;  done  little  for  the  prevention  and 

tictlment  of  dieease,  while  bacteriology  has  done  much  in  this 

(Erection?      Yet   bacteriology   i»  put   imdcr  physical   sciences  and 

p&tholo^c  anatomy  with  the  reKt  of  pathology  among  the  utilitarian 

ices!    On  what  grounds  can  we  consider  human  pathology  68 

Afferent  sort  of  science  from  the  pathology  of  plants?    If  we  class 

plant  pathology  with  plant  morphology  and  physiology  as  a  part 

of  biology  (aa  is  right),  one  must  do  the  same  for  human  pathology 

and  pjace  the  biologic  sctencea  in  the  closest  relation  with  human 

uiBlomy  and  physiology.    Human  pathology  is  as  much  natural 

•WBce  and  a  separate  branch  of  biology  as  ia  phytopathology,  and 

pithi^ogy  is  no  more  a  utilitarian  science  than  normal  anatomy  and 

physiology.    Ib  medical  activity  conceivable  without  anatomy  and 

(ijdology?    As  little  aa  without  pathology!     Has  pathology  only 

importance  through  its  relation  to  praotioal  medicine?    Not  at  all. 

Pstbologisis  also  proeecuto  their  scientilic  studies  without  regard 

w  to  whether  their  work  will  be  of  immediate  practical  %'alue  or  not. 

They  also  follow  the  inner  motive  toward  knowledge  and  truth. 

"niey  wish  to  satisfy  that  de»re  for  increased  knowledge  which  is 

in  ever)'  human  breast,  to  share  in  disclosing  the  secrets  of  nature. 

U  the  acquiratians  of  pathology  have  had  a  greater  and  more  ira- 

medifcte  effect  on  medical  treatment  than  those  of  anatomy  and 

^yaiologj-,  that  tloca  not  alter  its  scientific  quiiHty  in  the  least; 

that  they   were  also    useful   has    never   injured   other  sciences  or 

Itneaed  thar  ecicntifie  value.  No  one  will  value  chemic  and  physical 

"MBces  less  becau-ie  they  have  been  the  baais  of  the  wonderful 

tdTance  in  technic  and  industry,  as  displayed  to  tho  wondering 

if9  m  this  exposition.  Pathology  rejoicea  in  its  relation  to  practical 

iftlicine  and  would  neither  miss  nor  lessen  it,  for  as  phyaca  and 

(littnistiy  conetaotly  receive  from  practice  atimujus  to  now  en- 
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deavors  and  progress,  so  also  pathology  needs  uninterrupted  relation 
to  medical  art.  But  it  remains  first  of  all  an  independent  physical 
science,  which  in  its  three  branches,  pathologic  anatomy,  phyuology, 
and  chemistry,  stands  on  an  equal  plane  with  norm^  anatomy  and 
physiology  and  physiologic  chemistry,  with  them  and  etiology 
forming  the  scientific  bams  for  practical  medicine. 

But  as  for  ages  past  a  certain  socialistic  or  rather  humanitarian 
spirit  has  ruled  in  medicine  (and  to  medicine  pathology  must  always 
belong),  which  effected  that  with  all  pride  over  scientific  demonstra- 
tions the  real  and  true  joy  over  scientific  progress  was  not  reached, 
if  not  only  wisdom  and  knowledge  were  furthered,  but  also  some- 
thing of  value  has  been  accomplished  for  the  general  good,  so  it 
may  also  remain  in  the  future.  Pathology  will  be  recognized  as  a 
natural  science,  but  it  will  be  its  pride  and  joy  also  in  the  future 
to  be  and  to  remain  a  utilitarian  science. 


THE   BEHAVIOR    OF    NATIVE   JAVANTSE    CATTLE   IN 
REGARD  TO  TUBERCULOSIS   (PERLSUCHT) 


DT  SHrBASABURO   KITASATO 

[Sifittsaburo  KitaMtO.  Dbcctor  of  Ihi;  Govnument  Institute  for  tlie  Study  of  In- 
ItctiotM  IiiirjUM.  b.  Deoeinbrr,  ISJ7.  Kuniamoto,  Japan.  Imp«rinl  Univer 
«ly  ol  Tokio,  18S2  <Iaku«hi);  ftpt'^uil  i'minm  in  KocIi'm  In«titiit  fur  Infec- 
IMO,  Sknokborteo.  188&-B2;  I^ku-H<>ku«hi  (JApim)  in  IWII:  Profr-Mor 
tGemtany),  1802;  DMoration  of  th<--  Tl.irJ  OnU-r  of  "  Itinit.g  Sun,*'  ISM;  Di- 
iMfor  of  the  OaveRunent  Institute  for  the  Study  o(  luftctious  Diwastti,  l«t«; 
Adviser  to  Iht?  OovenunoDt  S&nitarjr  Bunau,  1(K)3-  Uember  of  the  JapuneM 
UMSod  Sac3et>-  (Proeideiit):  JapuncM  ^gieiM  8oa«t]r<Vic«-[*retiideut);  lU^e 
SodeU  Itoltnnn  d'leicoe  (Honomry);  Sfuiitnir  Iti?trtutr,  Londfin;  AmcrirAn 
SodelTof  tht  'lYnjiical  Medical  (Honomry);  Medic*]  Society  of  Mnnilii;  Hiir- 
nlaaSocutjr  of  Ijondon:  flew  Yorlc  Acftdvniy  of  Mittlicinn  (Honomry);  Aciul- 
my  of  Sdeoeee,  St.  Louii.] 

Iv  Japaa  it  is  a  fact  of  common  knowledge  that  the  nati\'e  Japan- 
cattle  are  free  from  tuberculosia  (perlsucht)  under  ordiniiry 
Stions,  while  imported  and  mixed  types  of  caiUe  (that  is,  such 
u  descend  from  foreign  cattle  on  the  father's  ade,  from  native 
Mtle  on  the  mother's)  contract  the  dieense.  This  fact  wouUl  be  a 
TO)-  noteworthy  one  if  we  could  suppose  that  our  native  ftiiinitila 
an  aatumlly  insusceptible  to  tuberculosis,  and  are  not  eo  simply 
Istaase  they  have  not  had  the  opportunity  to  become  infected. 
Asfar  88  1  know,  tio  race  of  cattle  is  kuown  to  us  which  can  prove 
ownersliip  to  a  real  natural  immunity  against  tuberculosis.  The 
thiaj  has  been  made  often  enough,  but  each  time  the  falsity  of 
Ibetlum  could  be  demonslrated  through  inoculation  experiments. 
To  detenninc  the  positioD  of  the  native  Japanese  cattle  in  regard 
to  tuberculolsis  the  following  experiments  were  performed. 

Before  relating  these  experiments,  however,  I  would  like  to 
niike  «  few  general  jemurks  coocoming  tuberculosis  of  the  huaum 
nee  in  Japan. 

taiM  I. — HoWAUTT  Fnoii  TmiERCPwiaia  m  Japak  Bbtween  the  Team 

1892  AMD  1901. 


Ymt. 


\fK 

»JOO 

■*0I 


Population. 


41,(>U.730 
4i;30e.S74 
41 .788,335 
42,310,179 
42,623,931 
43.0&4.«38 
43.540,763 
43.900,003 
44,457,078 
44.068,709 


Totnl  niimbor 
of  dnaths. 


804,S75 
fiSO.OOO 
S45;2fl3 
854,302 
904.473 
875,103 
891 .339 
920,340 
910.517 
932.365 


Piitmonaiy 

TubcTcuioBis. 


57.292 
57.7(18 
52,8aS 
58,992 
62,790 
65,.697 
72,708 
75.220 
78,972 
S1.6S9 


Other 
rwpiratory 

disciasM. 


I00.70S 

133.1«2 
08.963 
S6.531 
105,697 
101,360 
113,305 
1  OS  .202 
120.761 
123,920 


J 
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Tbe  relation  ol  llii^  lol^  mortality  and 
mortality  from  tubenruloaia  to  the  total 
popuUtiOD  (compared  nith  1000  inhabit- 

IVreentafB  of  tuberculom 
mortnlity  to  the    tolol 
mortality. 

Yeu 

Total 
mortality. 

Pidmou&tY 
tubcrculoeia. 

Other 
rcepimloiy 

Pulmonaiy 
tub(>rculo(»s. 

Othw 
rcjijriratory 

llUL-OMM. 

1608  ... 

21. SQ 

1.40 

2.67 

£.40 

12,26 

1808  ... 

22.46 

1.40 

2.73      , 

6.21 

12,17 

18H  ... 

20.23 

1. 27 

2.37 

6M 

11.71 

1896  ... 

20.24 

1.40 

2.29 

6.90 

11.30 

lasa  ... 

21.22 

1.47 

2,4S 

6.M 

11.70 

1S97  ... 

20.38 

1.62 

23,"; 

7,60 

11.58  a 

1808   ... 

20.47 

1.76 

2-37 

8,iri 

12.72  ■ 

18»   ... 

20.n4 

1.71 

2.46 

a.i7 

11.78  fl 

laoo  ... 

20,« 

1.78 

2,72 

8,67 

13.20  ■ 

1901  ... 

20.73 

1.7« 

2.76 

8.76 

13.29^ 

Avonge 

20.88 

1.55 

2.54 

7.41 

12.19 

Mortality  from  tulierculosis  in  the  eight  largest  cities,  all  of  them 
having  more  than  100,000  inhabitants,  and  id  the  other  tovms  of 
Japan  during  the  yews  1899  and  1900: 


TAB1.B  n. 


Place 

and 
Year. 


Tokie 


1896 
1900 

Yofeo-    /1809 
liama.  (lOOO 

riffio 
•\iooo 

NMa-     fl899 
aaln   .llWW 

Him-    risgo 

■falma  .  1 1000 


Kobe 


Sa 


1,468,953 
1,497,676 
3M,flS6 
3M,«73 
8S5,203 
8«.'i,021 
](f5.»a.| 
201.036 
22S.070 
240.017 
J 14, 144 
125,231 
243.767 
252.068 
12S.03H 
133,732 


29.274 
27^89 
7.005 
7,703 
16.407 
15.891 
2.829 
2,487 
£.360 
4,808 
1,489 
1.S04 
4.622 
4.67n 
1.937 
2,179 


4,238 

4,264 

1.132 

1,204 

2,257 

2.431 

278 

401 

711 

719 

ion 

234 
643 
597 
207 
256 


-tl 


3-i    I 


■Scf 


5.117 

5,104 

1,413 

1,564 

2,;fl7 

S.OOfl 

362 

470 

83S 

829 

224 

29C 

osa 

23S 
294 


2.613 
3.787 
018 
603 
2.002 
2.030 
353 
305 
600 
642 
192 
180 
691 
027 
805 
389 


TOTAE.  OF  THH  ElOHT  OtIXB. 


1890. 
1«00. 


3,566,394 

69.823 

9,562 

737 

i.23S 

69 

11.606 

3,680,351 

67.516 

10,097 

832 

1,198 

113 

12.240 

7,663 
8.658, 


k 


10^3,614    382;iM  :M,376 
40.777,022  \Si3;£i8    49,428 


lOS.TM 
I1M13 


Sou  Totju.  op  Sn-tire  Jxf&h. 


im 

im 


43.tf60.0(M 
44,i£7,973 


932,037 
910.744 


55,938 
59.525 


2,751 
3.176 


s,4ie 

8,429 


4ftt 
644 


87,609  I 

71,771 : 


113,455 

125.271 


tU  !lBLATlIHf  or  TVS  TOTTAL  UOHTAUTT  IND  MORTALITT  rttOU  TUBEBCl^LOSia 
10  TBB   NmiBIB    l)r   iNHABITAim    (CALCULATKa  TO    1000    I\HAB1TAXT»). 


Plftce 

Totd 
nunialitjr. 

Fulmaniuy 

tubercuio- 

aia. 

Totd 
tubtrculo- 

OtllCT 

r«HpIr»tory 

Toiin 

Kvla 

CM> 

10.23 
31.63 
19.06 
13.41 
21.78 
I3.7e 
18.75 
15.94 
18.05 
21.01 

2.8fl 
3,24 
2,76 
l.Tl 
3.06 
1.S0 
2.M 
1.78 
2.71 
1.18 

3.4S 

4.13 
3.39 
2.10 
3.56 
2.17 
2.70 
2.05 
3.29 
1.42 

223 

2.38 
2.37 
1.41 

U-mld 

2,64 
1.59 
2.40 

Amu*  of  S  «ltlM  . . . 
CUNrtowM 

2.20 

2.25 
2.74 

20.84 

1.31 

1.58 

2.71 

I 

tn  PiBCBMTAO*  or  TAB  TuBanciiLOflis  MABTAUtnr  to  tbb  Total  Uortaltit 


Pteoa 

Piifanoniuy 
tubcrciiloBia. 

Tolnl 
tubcrculosM. 

Otlicr 
retpinttary 

Tekto  

14.S6 
1497 
1447 
12.77 
14. (Ht 
13.09 
12.-J« 
11.25 
14.31 
5.52 

17.89 
19.07 
17,79 
1.'>.65 
IR.34 
1 5.7a 
14.42 
12.113 
17.36 
8.77 

ll.Sl 

^.1T 

11.03 

12.46 

10.50 
12.12 

11. .17 

HiroauiEui.  -.   

ATcrage  ol  8  dtica  . 
Olhtr  towns   

13.10 
14.43 
11. SS 
13.04 

Avenge  Ggure 

0.27 

7.58 

12.95 

A  valuable  paper  on  the  statUtics  of  tuberculosis  has  been  ■wTitt«n 
by  Tamaye  Ogiya.  under  the  directorship  of  Professor  Sata,  from 
the  pstbologic  institute  at  Osaka..  Thie  authoress  states  that  dur- 
ing a  period  of  three  and  a  half  years  sbc  has  found  among  250 
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autopsies  116  caws  of  tuberculosis,  amounting  to  46.4%  of  the 
total.  Of  the  tuberculosa  p«tieut$,  20  (17.3%)  were  under  IS  years, 
96  (82.2%)  WCK  more  than  18  years;  amoDg  th^sc  paticntB  ehd 
found  90  (77.6%)  who  preseotod  lesions  showing  primiLry  pulmonary 
taberculoeis,  12  (10.34%)  who  had  primary  intestinal  tuberculosis. 
.Among  the  latter  6  w«r«  more  and  6  less  than  IS  ycftrs.  Bo^ng 
the  statement  upon  this  paper,  it  may  be  said  thtit  the  occurrence 
of  primar)'  intestinal  tubercuJosia  is  not  rare  in  Japan  either  amotig 
ndults  or  cbildrcii,  although  cow's  milk  is  vuipluyod  but  littlo  by  us 
for  tbe  nouiishment  of  children. 

The  table  on  the  prec-eduig  page  refers  to  dietricta  to  which  niaa 
mffcred  from  tubcivuIu^H,  but  his  cattlo  were  frc-c  from  it  (the  yesn 
considered  are  from  1896  and  1903);  they  are  the  districts  Mlkata 
and  Osaka  at  Tasima  in  HiyogoKeu;  these  districts  possess  only 
native  cattle. 

The  following  table  shows  the  number  of  cases  of  tuberculosis 
(peilsucht)  among  the  slaughtered  cattle  found  during  tbe  years 
1901  to  1903  ID  five  large  cities  : 

TXBUK  V. 


Ftoce. 


Kioto 

OMka 

roicohaBui 

Kob*  

Eoln  


Native  cattlo. 


If 


73,780      40 


I 


17,IM3 
50,173 
30.275 
3S.135 


24 


Mbud  rnoei. 


5,2m 

4,4Ifi 

(calrsB) 

1,139 

4.02 1 
501 
1.700 
(oalvcs) 


I: 


2,293  (MJ27%) 
7  (  0.18%) 

rm  (49.96%) 

Oil  (22.89%) 
5SS  (13.86%) 
169  (31.78%) 


Imported. 


8fi 


9;  100%  ) 
13  (  31.7% ) 


It  must  be  remembered  that  for  a  long  time  neither  Tokio 
nor  Yokohama  have  possessed  any  purely  natira  cattle;  it  is  highly 
probable  that  the  tuberculosis  aniraala  metitioncd  in  the  foregoing 
taMe  as  native  animals  belonged  in  reality  to  mixed  races,  inaM- 
much  as  wc  have  mixed  races  which  resemble  the  native  animals 
to  cloecly  that  even  an  experienced  veterinary  physician  cannot 
tlis^inguiflh  between  them. 

The  examination  of  bovines  finclusive'  of  the  mixed  races  and 
the  imported  cattle)  for  tuberculosis  (perlsucht)  which  has  been 
carried  on  in  Japan  since  last  Scpt^'itibcr  and  up  to  March  of  this  year 
through  tuberculin  injeetiona  and  other  methods  of  examination, 
has  given  the  following  results: 


n 
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Cmleulntioaa  are  iiuid«  on  n  hnais  ol  tOOO  hovinesj  amtmff  them  wer^ioai 
lulluwinj;  iituubcr  of  tubcrculoiu; 


Tokio-Fu 

Kioto-Fu 

Oukft-Fu 

KAnagaws-Kea 
BirAgo-Kes  ... 
Nagf^aki-KM)  . 
Kiigata-Kcn  .., 
SftiUms-KMi  . . , 
Oummn-Koa  .., 
ChiU-Kcn  . . . . . 
Ibftraki-Kcn  . . . 
Toohlffi-Ecn  ... 

Nara-Koi   

Miy«;-KeD   . 

Aictii-Ken 

^li'KiKiokik-Kcn  . 

YuIlUUlCUkhi  -IkOD 

Bhizii-I£oii  ....  I 

Ol/u-Ken , 

Naguiw-Ken  ... 
Mivogi-Kcn  . .., 
Fukushima-KeQ 

Iwato-Kon 

Aomori-KoQ   . . . 


3TIM 
133.44 

87.60 
147.89 
220.7B 

45,72 

20,13 
332.83 
208.&1 

26.18 
1Q2.72 
187.50 
209.37 
114.30 
333,47 

11.U0 
199,77 
160.83 

64.02 

9S.(« 

ej.2o 

40.$S 
6.7B 
7.U 


Yanisxii  ta-Keii 
Akiln-Tvca  . . . 
Ftikiii-KL-ii . , . 
Ishikkwa-'Keii 
Toyama-Ken  . 
Ttiri tori- Ken  . 
8liiriiHiie-Ki-n 
Okayama-Kcin 
ilin>filtilD&-Kon  , 
Vnmaguchi-Kcn 
Wnkuvnuia-Ken 
TokusiilmH-Keii. 

Kagawfl-Kcn 

YeliinK-Keii,  . ,  , 
Koocli.i-Keu  .... 
FiiIfLiokti-Ken  .. 

OitJi-Ken   

8ugik-Ken 

Kiunajnoto-  liea 
Miyaaftki-Knn  . . 
Kligoehimn-Ktin 
HoUuudo-Ken  . 

Averf^  of  alt 


47.45 
a6.72 
273,98 
20.  HI 
dllU 
14.40 
2.04 
1].4» 

36.27 

41,63 

79,7!t 

3U.S1* 

1.47 

I0.4S 

£.3n 

1SS.05 

20.53 

75.74 

B0.06 

ftS.2I 

MM 

g?JO 

U.71 


The  following  table  shows  how  little  cow's  milk  is  partaken  of 
io  Japao: 


Table  lill. 
For  every  10,000  inhR-bttanb  thtrH  aiv  mitkHrows  in 


Tokio-Fu 

Kittto-Fu 

OanJur-Fu 

Kanagftwn-Kcp 
Hiyogo-Kcii  . . . 
Na^asaLi-ICi^n  . . 
Nijgata-K<-D  ... 
Soitanui-Kca  . . , 
Giimma-Kpn  ,., 
Ohibft-Ken  .  . , . 
Ili»raJ<i-K(>D  ... 
Tnehigi-Kcfi    . . 

Nara-Kpn    

Miyp-Ken    . , , . . 

Aiclii-Kati 

Shidn]oks-K«n 
YamMMhi-Kca 

Shiga-Kon 

Giru-K«n 

Nog&no-KeD  ... 

Miyagi-Kcn 

FiiKti6him)i-K«D 
lwftt*-K«i  ,  . . . . 
Aoniori-ICea  . . . 
Yttaingnts-Kea  . 


17-60 
15,78 

8.21 

II. 8! 

5.00 

S.SS 

s,gi 

7-6S 
18.50 
1.75 
2.70 
2.86 
6.40 
5.0S 
9.46 
2.80 
S.OS 
6.37 
0.35 
3.78 
1.33 
1,61 
2.0fl 
4.87 


Altita-Kt-n 

Fukui-Ken  . .  ■ . . 
Istukawa-K«D  . . 
To}^iuna-ICcn  . . , 
Toritori-Kcn  . . . 
Sbiiiioiir.-Ken  . . 
Okayuinii-K«n 
HiroBhima-Ken  , 
Ynmaguchi-Kein 
Wakavama-KcB 
Tokusninw-Ken . 
Katfawft-Kcn  , . 

Vcliime-Kca 

Kooclii-Ken 

Fukuoka-Ken  . . 

CHta-Ken 

Sogu-Kna , 

l\iini(tnioto-Itect 
Miyiiwilii-Keii   .  . 
Kugoa )  I  iiUH-  Kon 
Okianwft-Kiin.. 
HakkAida-Kca    . 

Average  of  all 


2.M 

4.90 
M» 
1.08 
1.35 

S.12 
S.0& 
6.63 
4.75 
1.70 
3.52 
1.41 
3j00 
3.81 
1.86 
3.33 
2.37 
1.84 
2.2S 
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One  roilk'Con'  furnishes  vith  us  in  the  cours«  of  a  year  a  daily 
average  of  Gvc  litera  of  uiilk.  From  tliia  follows  thiit.  in  Tokio-Ku 
eteh  individual  Gonsumes  daily  8.85  cm.,  and  in  entire  Japait  2,t>25 
cm  of  milk. 


I 


K 


i   Experimenia  eoneeming  the  Susceptibility  of  Native  Bovinn  to 
Tttt ported  Perlaucht 

ExperimetU  A.  On  Jaauory  22,  1904,  we  treated  altogether  15 
native  calves  of  pure  race  (from  three  to  sue  months  old  and  havinc 
I body-vreight  of  from  6U  to  90  kilograms),  which  came  from  n  regiou 
w&ere,  until  now,  no  foreign  cattle  had  ever  been  Imported,  in  the 
rollDwing  manner: 

Each  of  seven  nnimaU  was  inocuhitcd  with  1  cm.  of  an  emtitsion 
ccniaining  a  pure  culture  of  highly  viruleut  perle^ucht  baeilli ;  in  two 
«f  the  animals  the  injections  were  made  into  the  cervical  vein,  in  two 
into  the  ahdominiil  cavity,  iti  two  into  the  trachea,  and  one  was 
injected  subcutaoeouiily.  Each  of  three  calves  wim  permJtied  to 
inhale  0.6  gm.  of  living  but  driod-up  bucilli.  The  remaining  five  were 
tacb  infected  with  1  cm.  of  an  emuluon  from  tuherculouH  organs,  all 
of  which  contained  very  large  numbers  of  tubercle  bacilli;  in  one 
(tie  intravenous  route,  in  two  the  intra|)eritonenl,  in  one  the  intra- 
tracheal, and  in  one  the  subcuianeouH  route  wax  chcxien. 

Aa  control  animals  were  employed  five  aniraale  of  mixed  races. 
One  of  theM  received  an  injection  of  the  emulsion  of  the  tuberculous 
(Hgans  into  the  ecrvical  vein,  three  into  the  abdominal  cavity,  and 
me  was  permitted  to  inhale  a  dried-up  pure  culture. 

Before  beginning  the  ex[>enroent?,  each  of  the  calves  was  injected 
with  0.S  cm.  tuberculin,  to  determine  the  existence  of  previous  tuber- 
euloeia,  but  all  were  found  free  of  the  discaec. 

lluee  animals  died  24  to  72  days  after  the  experiment;  the  re- 
■naEoiiig  12  wore  killed  after  pcrlodB  varying  from  225  to  363  days. 

One  calf,  which  had  been  given  an  intrai>cr!toneal  injection  of  an 
eiRulaioD  of  the  pure  ciUture  of  perlenieht  bacilli,  died  as  soon  as  the 
iwenty-fourlh  day.  At  the  autopsy  it  was  found  that  the  intrn- 
pcritnncal  lymphatic  glands  were  swollen,  and  tliat  the  outer  lower 
part  of  the  left  kidney  contained  yellowish  nodules.  The  lungs  were 
markedly  hyperomie  and  contained  but  little  air,  but  tubercles 
could  not  be  dcinumit rated  in  any  part<  of  them.  In  the  renal  nodules 
the  inieroecope  revealed  a  small  number  of  tubercle  bacilli,  which, 
when  inoculated  into  the  subcutancou.?  tis.«up-8  of  a  guinea-pig,  pro- 
duced typical  symptoms  and  eif^is  of  tuberculoaie. 

A  second  animal,  which  had  been  injected  intravenously  with  the 
fmulaon  from  tuberctiloiii?  organs,  was  found  dead  on  the  fortieth 
day.     The  lungs  contained  very  large   numbers  of  tuberculous 
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nodules  aoicl  the  glands  of  the  thoracic  cavity  were  Bwollea  to  an 
enormoua  aize. 

The  third  animal,  which  had  receix-ed  an  injection  into  the  trachea 
with  the  tuberculous  emu3aion,  died  aiter  72  days.  The  post-raoriem 
examiniitioa  revealed  both  thyroid  glunds  hyperemic  and  swollen; 
nt  the  point  of  injection  the  trachea  was  the  scat  of  a  masa  the  size  of 
a  pigeon's  egg;  the  surface  of  this  mass  waa  covered  with  countless 
miliuQ-  tubercles.  The  luogs  coataincd  sitmlar  miliary  oodules,  and 
the  right  lung  wad  even  adiierent  to  the  pleura.  The  mesenteric 
glands  were  normal. 

The  rvntaining  12  calves  were  killed;  three  of  them  were  more  or 
less  tuberculous.  The  one  which  had  inhaled  0.5  gm.  pulveriKed 
tubercle  bacilli  was  killed  after  259  days;  the  tuberculin  reaction 
U-fure  its  death  gave  a  doubtful  rcsuJt.  The  autopsy  showed  the 
pre^nce  of  a  fevr  very  aitiall  nodules  in  the  laryngeal  mucous  mem- 
brane and  of  one  nodule  in  the  anterior  wall  of  the  left  cardiac 
chamber;  this  last  one  contained  very  majiy  tubercle  bacilli. 

The  second  animal  Lad  l>een  iujected  with  I  cm.  of  the  emulsion 
from  the  tuberculousorgans;  it  was  killed  after  256  days.  Tbetuber- 
culiri  reaction  was  positive  before  its  death.  The  poHt-mortem  exam- 
ination showed  the  inguinal  glands  iu  the  neighborhood  of  the  point 
of  injection  very  much  swollen;  the  liver  contained  a  few  nodules; 
uU  the  in tru peritoneal  glands  M'ere  swollun,  and  some  nf  them  were 
alreaiiy  the  seat  of  tlieesy  degeneration.  The  lungs  were  normal. 

The  third  heifer  had  received  an  injection  of  1  cm.  of  the  emulsion 
from  a  tuberculous  lung  tnle  its  abdununal  cavity;  it  waa  killed  after 
iiSO  daya.  The  tuberculin  rea<^tion  before  its  death  had  also  been 
positive.  The  section  revealed  the  peritoneum  and  liver  to  be  the 
seat  of  a  small  number  of  tubercles  varying  in  BJjie  from  a  pea  to 
a  small  bean;  some  of  them  were  cheesy.  Both  lungs  were  studded 
with  numerous  grayish-white,  hard  miliary  nodes. 

The  other  nine  aiiimale  srere  found  to  be  entirely  free  from  tuber- 
culosis. 

The  five  control  animals  were  killed  after  from  217  to  364  daya. 
The  autopsy  showed  four  of  them  to  be  suffering  from  tuberculosis 
and  one  to  be  free  from  it. 

If  the  above-mentioned  results  are  considered  collectively  it  will 
be  Been  that  from  among  15  e-xperiniental  animals  six  became  tuber- 
culous, while  nine  were  demonstrated  to  be  Insusceptible.  It  is 
further  worthy  of  note  that  the  changes  in  the  infected  organs  were 
relatively  very  slight. 

From  a  review  of  the  ontiro  exporimcnt  it  can  be  seen  that  the 
native  Japanese  bovines  are  to  some  extent  susceptible  to  perliiueht 
experimentally,  but  only  if  doses  of  tubercle  bacilli  are  inoculated 
•o  large  tvs  never  to  be  received  in  the  course  of  a  oaturul  infection. 
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We  can  cooeludc  from  this  that  our  native  cattle  show  so  little  sus- 
ceptibility to  perlsucht  that  natural  infection  appears  almost  im- 
poesibte. 

Experiment  B.  Tlie  same  experiment  was  rejtcated  on  May  27 
of  this  year;  ttiis  time  33  nutivo  calves  from  3  to  S  months  old,  and 
weiring  from  40  kilograms  to  IM)  kilograms  were  employed.  The 
method  of  the  experiment  was  exactly  the  same  as  in  Dxperimeot  A. 
To  ob\iate  too  frequent  repetitions  these  experiments  will  be 
reported  only  briefly. 

Fifteen  of  the  atiimalg  were  infected  intravenously;  in  10  pure 
cultures  of  perlsucht  bacilli  w-ere  employed,  and  in  5  lb©  emulaon 
from  tuberculous  organa;  8  were  infected  intraporitoncally  (5  with 
pure  cultures  and  3  with  emutnon  from  organs);  3  were  treated 
with  inhalatifiiisof  pure  cuUurea,  while  the  last  seven  were  infected 
eubcutancously  (6  mth  pure  cultures,  2  with  organ  cmuleionE). 

Four  mixed  race  animals  were  employed  fts  control;  in  two  of 
them  the  injecliooa  were  made  intravenously  (one  with  pure  cullurea 
and  one  with  organ  cmulaon);  in  the  other  two  intraperitoneal 
injections  were  given  (one  with  pure  culture  and  one  with  organ 
emulsion). 

Before  the  experiment  all  of  the  animals  were  injected  with  tu- 
berculin; in  none  of  them  was  a  positive  reaction  obtained. 

Of  the  33  nnimals,  7  perished  in  from  five  to  03  days  after  the 
ioocutatioo  with  the  perlsucht  bacilli,  from  a  number  of  different 
eausee.  Five  of  these  animals  <Uiowed  some  traces  of  the  diseaae;  the 
trther  two  were  entirely  free  from  it. 

The  remainder  of  the  33  ciilves  arc  still  alive  (August  10,  1904), 
fttid  apparcaily  in  the  beet  of  health. 

II.  ExperimenU  concerning  the  Suscept^ility  of  Native  Bovine*  and 
of  the  Mixed  Racts  to  Human  TubcrcuJosis 

The  experiments  were  performed  on  14  calves,  of  which  6  were 
JapaneM,  and  8  belonged  to  the  mixed  types.  Eight  of  them  were 
treated  with  pure  cultures;  2  of  them  were  ^ven  intravenoua,  3 
inlraperitoneal,  and  I  intratracheal  injections;  2  were  given  in- 
halations; tite  other  6  vnn  treated  with  an  emulsion  mode  of  the 
organs  of  a  man,  whose  death  was  due  to  miliary  tuberculoitis;  the 
oigans  oDDtuued  numerous  fresh  tubercle  bacilli;  3  were  infected 
btraTCDOUsly,  and  3  intrupcritoneally. 

The  tuberculin  reaction  before  the  experiment  was  negative  in 
all  the  instances. 

Two  of  tlie  native  animal*,  having  had  pure  cultures  injected 
into  the  cen'ieal  vem.  died  after  30  days  and  56  days.  One  of  them 
de^-clopcd  high  fc\-er  eight  days  after  the  injection,  this  persisting 
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for  some  time;  the  aoimal  died  on  the  thirtieth  day,  with  eymp- 
totna  of  general  debility.  The  autopsy  showed  the  apices  of  both 
lungs  dark  red,  aod  moderate  ewelliug  of  gome  of  the  glands  of  ihe 
tborucic  cavity.  The  mucous  mcnibriuitifl  of  the  pharyax  uad  iaryax 
were  inEamed;  the  neighborhood  of  the  vocal  cord  was  covered  with 
mucus  in  which  a  smalt  number  of  tubercle  bacilli  could  be  de- 
iQoustrated. 

The  second  animal  developed  considerable  fever  about  (he  tenth 
day,  which  also  lasted  for  a  long  time.  After  40  days,  conjuuet- 
ivitis  uppeared  tu  both  eyes,  this  gradxially  bccoiuinj;  so  violent  as 
to  destroy  vision  entirely;  death  reeulted  on  the  fifty-wxth  day 
after  tbe  injection,  and  as  in  the  ca^  of  the  first  animal,  seemed 
to  be  due  to  weakness.  The  orgaus  of  the  thorax  and  abdomen 
were  found  nonnal,  excepting  that  the  left  lung  contained  a  very 
small  pea-sired  tubercle,  in  which  a  few  tul>ercle  bacilli  were  de- 
monatrable.    None  of  the  other  orgajis  contained  anything  abnormal. 

In  neither  of  these  cases  arc  we  permitted  to  speak  of  infection, 
as  in  tlie  first  place,  the  duration  of  illness  was  too  short,  and  io 
the  eecond  place,  the  tuberculous  leaioaa  so  alight  that  they  could 
be  found  only  with  difficulty,  and  it  goes  without  saj-ing  that  in 
the  short  time  having  elapsed  between  injection  and  death  the 
tubercle  bacilli  introduced  into  the  orgamsm  could  atill  have  Ueeo 
ali^-e. 

The  rest  of  the  calves,  12  in  number,  were  Icilled  after  from  101 
days  to  327  days,  but  in  no  instance  oould  a  trace  of  tuberculosis 
be  found. 

The  number  of  calves  and  heifers  used  for  these  experiments  was 
altogether  71;  of  these  52  were  purely  native  animals  and  19  had 
descended  from  mixed  races. 

The  tubercle  hncilli  from  the  pure  cultureB  as  well  as  from  the 
tuberculous  orgaus  before  being  utilleed  for  the  experiments,  had 
been  inoculated  into  guinea-pigs  to  note  whether  or  not  their  viru- 
lence was  great  enough.  All  of  the  guinea-pigs  perished  after  the 
usual  lap3(?  of  lime  of  typical  tuberculosis. 

From  the  results  mentioned,  the  following  conclusions  can  be 
drawn  : 

tl)  Human  tuberculosis  is  as  frequent  in  Japan  as  in  the  civil- 
ized countries  of  Europe  and  America. 

(2)  Primary  intestinal  tulierculosis  is  relatively  common  in  adults 
and  cliitdren,  although  eow'a  milk  plays  no  rftle  at  all  in  the  feeding 
of  children. 

(3)  There  are  large  districts  in  Japan,  where,  in  spite  of  the 
existence  of  human  tuberculosis,  the  cattle  remain  absolutely  free 
from  the  disease.  In  these  reruns  it  is  not  customary  to  consume 
either  meat  or  milk  from  bovines. 
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(4)  This  is  ver>'  important  proof  for  the  fact  that  under  orriinarj' 
cooditioo!)  human  tuberculosia  is  not  infect  ious  for  bonnes,  as  the 
.oppvrtiiiul ie!<  for  infection  certainly  cannot  be  lacking. 

(5)  Among  Japanese  in  general  very  little  cow's  milk  iH  ximd 
and  especially  is  it  employed  but  little  for  the  dietary  of  children. 

(6)  Under  nutuml  conditions  the  native  animale  show  but  vttrj- 
Uttl«  BUseeptibtlity  for  perlauoht.  If  large  doses  of  perlsuoht  bHctlli 
are  inoculated  into  them  either  intravennuely  or  intraperitonealiy. 
they  become  tuberculoug  to  a  certain  degree;  they  do  not  Bccm  to  bo 
at  aJl  susceptible  to  subcutaneous  mfectioD. 

(7)  The  imported  and  mixed  race  animals  are  very  susceptible 
to  perlsucht. 

<8)  Human  tuberculosis  is  not  iiifoclious  for  native  and  mixed 
nee  animals. 

Before  concluding  [  would  like  to  say  a  few  words  concerning 
the  (wo  oppoang  opiniona  of  Koch  and  von  fiehring.  As  is  n-ell 
known,  Koch,  at  the  congress  in  July,  1901,  at  London,  made  the 
Matemeat  that  human  tuberculous  is  absolutely  difTcrcot  from 
bovine  lubeteuloais,  a  conclusion  which  he  had  come  to  after  two 
years  of  experimentation  on  young  hcifera.  Von  Behring  took 
Issue  with  lliii*  statement  at  the  Congress  of  Natural  Scientists, 
at  KasseJ,  in  September  of  last  year.  Von  Behring  believes  that 
the  milk  taken  by  nurslings  (cow's  milk)  is  the  chief  source  for  the 
devdopment  of  tuberculosis.  He  al8o  stated  that  human  tuber- 
culosis is  identical  with  that  of  bovines. 

The  fact  has  already  been  mentioned  that  primary  intestinal 
tuberculosis  is  quite  frequent  in  Japan,  even  though  the  natives 
(Irinfc  but  very  little  cow's  milk,  and  even  though  they  employ  it 
but  very  little  for  the  nourishing  of  their  children;  if  the  mother's 
milk  does  not  suffice,  a  wet  nurse  is  instantly  taken  into  the  house. 
This  clearly  prove«  that  human  tuberculosis  in  Japan  can  only  bo 
Iransniitted  from  man  to  man.  .And  from  the  fact  that  nnti%-e 
Japanese  cattle  are  free  from  tuberculosis,  and  also  are  so  little 
tusceptible  to  it  as  to  make  it  almost  impossible  for  natural  in- 
fection to  take  place,  we  can  conclude  that  bovine  tuberculous 
ir»a  imported  into  Japan  only  after  the  introduction  of  foreign 
cattle.  ThcM  importations,  however,  began  only  about  30  years 
■go,  while  human  tuberculosis  has  exinted  in  Japan  as  long  as  we 
have  chronicles.  Of  especial  deciding  importance  for  the  statement 
that  human  tuberculosis  is  difFerrnt  from  that  of  bovines  is  tho 
following:  If  this  were  not  the  case,  it  would  be  impoHsible  to  find 
districts  in  which  bovines  are  entirely  free  from  tuberculosis,  in 
fpite  of  their  close  connection  with  tuberculous  human  beings,  and 
who  arc  const-intly  giving  the  domestic  animals  the  opportunity 
to  infect  themselves. 
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Oq  account  of  these  reasons  it  is  impossible  to  trace  the  tuber- 
culotis  iofectlon  of  man  back  to  cow's  milk  respecting  bovine  tuber- 
culosis, and  therefore  I  must  subscribe  to  the  opinion  of  Koch  and 
say  that  the  danger  of  the  conveyance  of  tuberculosis  from  man 
to  man  occupies  first  place.  Concerning  the  views  of  von  Behring 
in  relation  to  the  mode  of  infection,  I  must  confess  that  by  us  in 
Japan  the  milk  fed  to  nursing  infants  (cow's  milk)  cannot  play  a 
rdle  in  the  contraction  of  tuberculous. 
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^H   Every  political  histonBii  will  prefer  to  trace  the  dvvolopmont  of  a 

^neriod  of  hirtory  from  one  diatinct  event.   A  chronological  introdiic- 

l^tioQ  vannui  be  of  «uch  imvortaacc  to  hjm  as  &a  historical  survey,  in 

which  eveiiis  of  great  moment  form  the  basiB  of  a  new  development. 

^K    Vilial  is  true  of  political  evolution  applies  also  to  the  growth  of 

^»i\tr>'  branch  of  natunil  strrenec  and  uicciicine.    The  Brat  year  uf  b 

century,  though  filling  men  n'ith  jo^-ful  confidence  and  new  hopes, 

has  not  the  same  attraction  for  the  investigator;  and  j'et,  in  order 

to  obtuin  a  general  view  of  the  growth  of  the  different  branchea.  it  is 

desirable  not  to  lose  sight  of  this  idea,  but  to  consider  all  the  stajE^ 

of  progTPM  in  common  from  a  eortain  point  of  time,  and  thua  the 

study  of  ibe  history  of  tlierapcutic;^  must  also  be  subordinated  to 

tbisaim. 

^H    Although  the  evolution  of  the  nineteenth  century  haa  frequently 

l^been  threstcuod  by  heavy  political  clouds,  we  have  seen  them  often 

pierced  by  the  sun  of  progrcesivi:  ecicncc,  vrhich,  especially  in  that 

century,  has  called  forth  a  fertility  of  culture  such  as  has  scarcely 

been  witnessed  in  any  previous  period  of  one  bundled  ycsrg.    The 

past  century  more  than  any  other  has  been  distin^ishod  by  the 

multitude  of  newly  diHcovered  facts  in  natural  Rcienoe,  as  welt  as  by 

the  perfection  and  cxtcmion  of  the  idoaa  of  great  discoverers  of  the 

previous  century. 
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It  is  the  age  in  which  the  greatest  progresa  in  naturaJ  science  has 
been  made.  The  vast  numbers  of  new  <Uscoverica  io  medicine  have 
lessened,  or  even  aliiKiat  suppressed,  op  the  part  of  tiuuiy  persons, 
the  feelings  of  admiration  for  each  new  acquisition. 

Tlic  new  phenomena  &nd  expcrieaces  which  confront  us  on  all 
sides  surpiUiiS  tlic  wildest  dreams  described  in  former  centuries  as  the 
eccentricities  of  fanciful  minds.  The  abundance  of  material  compels 
our  Admiration  nnd  allows  the  ftstonl^hcd  eye  no  time  to  gaze  long 
at  one  occurrence,  for  uew  impressions  idready  crowd  it  out. 

Tlie  nineteeDth  oeatur)-  has  spoiled  ua;  our  demands  for  new 
ftcquiaitions  increase,  and  -wt  grow  impatient  to  know  more.  In  this 
unsettled  alal©  llie  laborious  work  of  the  indi^dual  often  seema 
lost,  but  the  true  scholar  is  buoyed  up  by  the  gratifying  knowledge 
Hint  miglity  buildings  cAu  only  be  constructed  of  a  mosaic  made  up 
of  single  atones.  Yet,  truly,  humanity  often  settles  down  in  a  new 
building  without  admiring  either  the  work  of  the  architect  or  bis 
material. 

Moreover,  the  capability  of  enjoying  nature  and  whatever  we  have 
added  to  our  knowiedgo  of  the  universe  by  laborious  experimcnta 
does  not  appear  to  be  a  natural  gift  of  man.  Only  education  and 
culttu«  can  awaken  the  enjoyment  of  what  ia  and  of  what  is  about 
to  bo.  Mighty  natural  phenomena,  indeed,  fill  the  casual  onlooker 
with  admiration,  but  the  observattoa  of  what  is  harmonious  in 
nature,  and  the  capacity  of  asMmilating  it  for  our  own  culture,  can 
be  gained  only  through  education.  This  also  hold^  good  of  art,  und 
it  in  even  more  difficult  in  science.  Since  the  uneducated  majority 
is  often  inclined  to  pass  by  the  greatest  events  nith  indifference,  the 
nineteenth  century  has  Hparod  no  ]>uin8  to  inform  humanity  of  all 
the  great  innovations,  to  educate  them,  and  thus  to  gain  friends 
for  the  progress  of  ci\Tlization.  This,  indeed,  is  the  object  of  your 
Congress. 

There  are  various  ways  in  which  therapeutics  (and  it  is  here 
chiefly  a  question  of  pharmaoodyunmic  therapeutics,  that  is  such 
us  concerns  itself  not  with  mechanical  means  but  with  chemical* 
physical  proceaseg)  may  develop. 

New  knowledge  of  the  conditions  of  life  of  the  organism  often  lead 
to  remarkable  discoveries  in  therapeutics.  Thus  physiologj-,  es- 
pecially the  functions  of  the  different  oi:gans,  is  of  the  highest 
importance  for  the  progress  of  therapeutics. 

A  striking  esample  of  this  is  fumislicd  by  digitalis.  Originally 
this  plant  was  amply  a  popular  remedy,  which,  like  many  siibatonees 
in  uiw  nmo.ng  the  people,  proved  efficacious  in  the  case  of  many 
diseases,  while,  of  course,  of  no  avail  in  others. 

When  William  Withering,  in  17S5,  undertook  a  careful  oxamin- 
fttion  of  digitalis,  it  was  used  for  phthisis,  dropsy,  and  scrofula,  it  is 
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true,  tuj<l  its  power  of  slowing  the  pulse  wom  koowo,  bnt  was  not 
uiiliwd  iheritpeutically.  A  jiroof  of  how  liiile  ejgnificjince  -was 
sltAched  to  these  purely  clinical  experiments  may  be  found  in  Ihe 
changes  as  to  the  admissioD  of  digitalis  to  the  LondoD  Pharmacopeia. 
In  tbc  year  1721  it  was  included;  in  1746  rcjttctvd,  and  not  rvnc- 
,cepted  until  1778. 

Now  in  the  year  IS46,  Weber  made  the  surprising  discovery  that 
nerve  has  an  inlubitory  influence  upon  the  heart,  i.  e., 
ating  tliis  ncrx'o  eausM  slower  pulsation,  and  that  cutting  it 
occasions  extreme  acceleration  of  the  action  of  the  heart..    This 
decisive  experiment  formed  the  boaa  of  Traube's  clinical  iiivestipa- 
tjoos,  and  ho  was  able  to  prove  that  the  effect  of  digitalis  on  the 
heait  corresponded  to  the  excitation  or  section  of  the  vagiis  nerve. 
Ttus  fact  has  lieen  utilized  clinically  in  diseaaea  of  the  heart,  nrterio- 
ederosJs,  and  dropsy, —  and  now  upon  a  firm  basis, —  so  that  digi- 
talis has  emerged  from  its  former  ponitioa  of  uncertainty  and  taken 
a  place  among  the  efGcient  and  reliable  remedies,  and  we  can  siifely 
»J  that  it  will  nut  again  disiippcar  from  thu  pharmacopeia,  at  any 
nte  not  owing  to  any  uncertainty  afi  to  its  effect. 
Such  investigations  have  now  been  undertaken  with  a  number  of 

»Uhtr  preparations,  and  on  a  lur^  scale,  such  as,  for  instanoc,  the 
elinical  researches  of  Sir  Lauder  Brunton  oo  "cafloa  "  (ers'throphleum) 
ndof  Sir  J.  T.  Frnser  on  Strophauthus  hispidue,  a  plant  similar  to 
q^tidiii,  but  ditTering  in  ito  effect  on  the  vaso-motur  system,  and 
which  WB8  also  soon  adopted  in  therapeutics.  Much  the  same  may 
be  laid  erf  atropine,  which  chiefly  through  the  knowledge  of  its  phys- 
iolofpeal  effect  on  the  Iris,  on  the  non-striated  muscuhir  system  and 
the  glandular  secretions,  affords  us  an  exact  indication  of  its  scope 
of  utility  in  disease. 
Tbua  we  have  here  a  source  of  fretth  obaorvations.     Often  the 

I  functions  of  the  organism  are  affected  in  an  isolated  manner  that 
■ViJiould  scarcely  have  thought  pnssible,  for  instance,  by  yohimbin. 
Tlii.t  phytun logical  methoti  is  applicable  to  all  chemical  bodies, 
wu)  the  progress  in  otir  knowledge  of  curative  powers  depends 
Wiely  on  thcproKrusa  of  exjKrimental  physinloKj'. 

The  pliysuologioal  action,  however,  does  not  always  remain  within 
tlie  hmits  of  what  ia  normal,  for  it  may  Bometimes  become  patho- 
<^tti.  Tbsa  was  remarked  by  various  srienliats  an  early  aa  the 
tu4die  of  the  eighteenth  century,  and  shortly  before  the  beginning 
•tfllw  nineteenth  century  (171*9)  A.  Fr.  Becker  expressed  this  view 
Id  his  Physlotogia  Palhologica,  i.  e.^  in  "  the  theory  of  the  compoai- 
lini  and  fuix^tions  of  the  human  body  and  its  different  parts  in 
Ui  abnormnl  condition." 
How  differently  we  may  view  physiolo^eally  active  bodies  can 
be  seen  in  the  blood.   15ut  here,  too,  we  observe  that  a  rational 
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eystem  of  therapeutics  only  become  possible  in  the  niueteenth 
century  after  a  knowledge  of  the  physiologiciil  effects  had  been 
g&iaed.  Herzylius  was  the  first  to  rwogriizt'  the  prtseni*  uf  irun  in 
llie  blood.  The  discover)-  of  a  ferruginous  coloiing-matter  of  the 
bluod,  hemoglobin,  did  not  fullow  until  niiieli  lider.  It  is  true  thut 
in  1S54  Wohler  declared  globulin  and  henmliii  to  be  riintained  in 
the  blood  corpuscles.  But  Funke  (1H52)  and  Lebnianii  (1853)  had  J 
»Ir«ady  established  the  fact  that  the  coloriiig-nifltter  of  llie  blood, 
heinoKlobin,  ie  a  distinct  crystjillizable  subetance  wliich  is  capable 
of  absorbing  and  giving  off  oxygen.  Hcmnglobin,  we  may  say,  is, 
to  a  certain  extent,  the  quintesit^nce  of  the  respiratory  activity. 
Thi3  function  may  be  destroyed  by  inhaling  liarbonic  oxide  which 
enters  into  so  clow  a  combiu&tion  with  the  coloring-matter  nf  the 
blood  that  its  respirator)'  function  ceases.  Thus  blood  in  such  a  state 
is  &  menace  to  life  which  eannot  be  obviated  by  any  drug,  but  we  are 
able  since  the  respiratory  function  of  the  blood  has  been  understood 
10  avert  thii  dan^^er  in  most  traaes  by  removing  the  poi»one<I  blood 
and  tran^uaiiig  fresh  blood. 

The  greatest  hopes  for  the  further  development  of  therapeutica 
are  rni-^ed  by  the  fact  that  chemical  Hubatances  are  capable  nt 
restoring  pathologico-phyaological  processes  to  a  normal  state. 
Here  wc  may  rite  the  antipyretics,  which  are  able  in  the  most  striking, 
manner  tn  reduce  to  the  normal  slate  a  rine  of  temperature,  that  is,. 
a  febrile  phenomenon. 

The  drugs  juhI  mentioned  are  therefore  of  great  importance  la 
lIierapeuticR  as  symptomatic  remedies.  Of  course,  they  are  in  no 
way  able  to  destroy  the  cause  of  disoase.  but  merely  alleviate  or 
avert  injurious  symptoms.  For  the  phyxician,  however,  this  \'ery 
quality  is  of  paramount  importance  in  the  majority  of  cttses.  The 
cause  of  discaec  may  disappear  through  the  spontaneous  healing 
propc."W  of  llie  organism,  while  the  symptoms  arc  removed,  which, 
had  they  been  left  alone,  would  inevitably  have  led  to  the  death  o£ 
the  patient.  Yes,  we  may  «ay  that  it  is  one  of  the  greatest  aims  of 
therapeutics  to  treat  disease  syrnptomatically,  for  we  must  endea\-or 
to  ease  the  sufferings  of  humanity,  and  the  great  advantage  of  thi« 
method  of  healing  becomes  siieciady  evident  when  the  c»\iao  of' 
aicknesa  cannot  be  destroyed  by  any  remedy  lutherto  known.  Thi« 
may  best  be  demonstrated  in  the  treatment  of  poisoning.  If.  for 
in»tarice,  through  a  mistake,  or  for  any  other  reason,  a  deadly  dos* 
of  strychnine  enter  the  system,  the  sufferer  will  expire  under  the  J 
symptoms  of  suffocation,  caused  by  the  coR^'ulsive  contraction  of  the 
respiratory  muscles.  As,  however,  we  are  enabled  to  arreet  this 
spasmodic  contraetion  by  me^ns  of  chloroform,  chloral  hydrate,^ 
and  other  dnins,  we  can  thua  give  the  system  time  to  (rliminate  the 
strychnine  causing  the  iltaess.    This  being  entirely  thrown  olT,  the 
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morbid  phenomena  also  disappear,  and  complete  recovery  t»on 
miuea  It  is  possible,  thougb  us  yet  unkoowu,  that  purely  sytnp- 
toniatic  remedies  may  »l»o  inUuvnce  the  cause  of  diffiasc. 

At  the  beginning  of  the  nineteenth  neulury,  chemistry  was  Hlill  of 
little  service  to  the  science  of  medicine.  True,  Lavoisier's  greatest 
(Itaco^^ry  in  regard  to  ntctnboUDin  ia  tho  organism  was  knuwa,  that 
il,(hat  the  oxygen  of  the  uir  cau^ea  eombuation,  and  when  inhaled 
icrampliiihefi  the  same  object  in  the  system.  This  must  have  given 
medJi-al  men  an  entirely  new  perception  of  the  proceases  of  life,  but 
Ihc  time  had  not  yet  arrived  for  experiment^]  work  on  thia  subject. 
Even  at  that  (jme  numerous  elements  were  known,  30  in  number, 
whereas  at  the  end  of  the  century  76  elements  Jiud  been  found.  A 
number  of  these  elements  were  made  use  of  in  therapeutics  in  a  pure 
Jiite  or  in  combination,  without  our  being  able  to  base  their  appli- 
cation upon  rational,  theoretical  bypotheses.  as,  fur  instance,  in  the 
(Me  of  iron  and  ita  compounds,  the  use  of  which  extends  to  the 
iBlDOtcst  times.  On  the  other  hand,  there  were  among  them  ele- 
■nnitg  ecnployed  as  drugs,  such  as  antimony,  n-hicb  firal  came  into 
UK  in  tho  Middle  Ages,  and  which  may  be  cited  less  as  a  proof  of 
(be  iherajieutic  value  of  this  matnlloid  than  of  the  antiquated  preju- 
dice of  a  French  faculty  which  absolutely  refused  to  acknowledge 
*n!f  "drug."  owing  to  its  predilection  for  blood-letting.  'ITic  ra^c 
trf  dogmatic  phytdriana  may  be  recognized  in  the  words  of  the 
■uiathenia  aguust  Torpet  (cf.  O.  Liebieich.  Die  kisi&risckc  EntvHck- 
tvnqdar  HeiimtUellchre,  Lecture,  Berlin,  18S7). 

On  the  other  hand,  the  science  of  therapeutics  placed  great  hopes 

'0  Ibc  isolation  of  alkaloids,  which  marked  the  beginning  of  the 

*8Jltur)'.    This  era  began  with  tho  recognition  of  the  importance  of 

''H>iphia  by  Serliimer  in  the  year  1804.  Then  followed  the  discovery 

"f  Dicotine  by  Vauqueiin  in  1809,  quinine  in  181 1,  cinchonine  in 

^20,  and  of  strychnine  in  18IS.     This,  nt  any  rate,  suggested  the 

thod  of   obtaining  from    extracts,   frequently  incumbered   by 

!i«8  matteni,  the  active  principle,  and  making  it  available  for 

**©rapeutica,  and  hence  a  certain  practipul  utility  must  even  nowa- 

•lys  be  accorded  to  pharmaceutical  chemistry. 

As  regards  a  knowledge  of  the  mode  of  action,  however,  the  pro- 
"Iftm  not  only  lies  in  the  chemical  compoMtion  and  recognition  of  the 
**ihgtanoc  employed,  but  also  in  the  chemism  of  the  organism.  Out- 
ride the  organism  it  i.o  a  lifeless  .substance,  but  in  the  system  it  is  not 
|bnly  ihe  substance  itself  but  its  metabolism  and  manner  of  action 
(diieh  must  be  taken  into  consideration.   The  theory  of  metabolism 
cin  only  be  of  decisive  value  for  therapeutics  when  not  only  the 
properties  of  the  drug  applied  hut  also  the  chemical  action  of  the 
organism  are  so  far  known  as  to  enable  us  to  judge  of  their  mutual 
effect.    For  this  reason,  of  course,  a  knowledge  of  the  ohemistry  of 
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the  human  aystcm  is  of  tlie  greatest  iraportanco.  Just  a  year  previous 
to  the  begicuiug  of  the  nineteenth  ceotury  the  urea  which  appei^ns 
in  tvell-formed  co'dtols  in  the  bunun  organism  vas  discovered  by 
Fourcroy  and  Vauquelin.  Thia  fact,  certainly,  did  not  appear  so 
BtTADge,  since  cr^'Ktalline  matters  had  already  been  obtained  froiii 
plants,  but  even  in  the  beginning  of  the  century'  the  idea  waa  still 
firmly  rootud  in  the  mind  of  the  natunUist  that  these  substances  I 
could  only  appear  as  the  products  of  vital  energy.  This  predated 
itself  to  the  minds  of  men  of  that  time  as  an  entirely  distinct  force, 
vbich,  independent  of  physical  and  chemical  laws,  manifested  itself  I 
in  a  cbaraoteristic  form  in  the  organism.  There  ia  oo  discovery 
whioh  luis  so  often. boea  quoted  in  the  interest  of  the  medical  and 
other  biological  gcieoces  as  the  observations  of  Uie  chemist  Wdfaler 
who,  in  182S,  observed  the  formation  of  urea  in  a  substanre  obtained 
outside  of  the  system,  namely,  nminouium  cyanide,  by  thw  trans- 
position of  atoms.  But  if  we  rightly  consider  this  grand  discovery, 
which  completely  refuted  the  followers  of  the  theory  of  vital  energy, 
it  would  still,  |)erhap3,  be  possible,  in  spite  of  thia  discoveiy,  to 
undertake  the  defense  of  the  theory  of  vital  energy  as  somelhinjt 
beyond  the  Jaws  of  natural  science,  for  neither  Wohlcr's  syntheeis 
nor  the  mamier  of  formation  of  urea  from  «arbf>nyl  chloride  and 
ammonia,  or  from  ethyl  carbonate  and  ammonia,  or  from  eyanamide 
by  hydration,  or  from  ammonium  carbonate,  as  well  a^  from  leucine 
and  from  other  Hub»tanccs  of  the  organism,  gives  any  actual  explana- 
tiou  of  the  formation  of  lu-ea  in  tlie  system.  The  synthetic  produol 
is  identical  with  the  product  of  the  organiam,  but  the  eyntheais, 
or  rather  the  formation  of  urea  in  the  body  takes  place  in  accord- 
ance vnth  laws,  the  exact  nature  of  which  we  do  not  fully  know  even 
at  the  present  day.  This  is,  indeed,  the  cose  with  a  large  numlM?r  of 
other  substances  derix-ed  from  aainials  or  plants.  Although  the 
chemical  constitution  of  substances  was  constantly  more  and  more 
exactly  defined  in  the  couree  of  the  nineteenth  centurj-,  the  nuinner 
of  formation  in  the  organism  still  remains  hidden  from  us.  We 
frequently  find  it  stated  that  we  must  not  simply  compam  the  pro- 
cesses of  the  organism  to  the  teat-tube  experiment  of  the  chemist. 
There  ia  no  doubt  that  processes  of  metabolism  take  place  wthin  tike 
body  for  which  the  synthesis  performed  outside  of  the  organiem 
gives  no  explanation.  From  my  somewhat  dissentient  altitude  in 
regard  to  the  concluHona  drawn  from  Wohler'e  experiment,  I  might 
for  a  moment  be  thought  to  favor  the  view  that  the  aeti\nty  of  the 
organism  in  llie  form  of  vital  encrgj"  is  beyond  the  lawa  of  natural 
science,  but  that  is  not  the  case.  Even  if  in  synthetic  experiments 
other  means  are  employed  than  are  available  within  the  organism, 
the  supposition  is  justified  by  the  possibility  of  synthesis,  that  the 
orgiLuic  processes  occur  in  accordance  with  purely  physical  and 
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ciimiical  lavs,  but  that  other  conditions  not  present  in  test-tube 
nperimvota  al.so  pluy  a  purt. 

Bere  n*e  mtmt  turn  for  a  new  mode  of  thoiight  to  Schwnttn'a 
msgnificeat  discovery  of  the  aoimal  cell.  Tlirough  it  the  anatomical 
tonctptjoo  of  the  orKuntKiii  wan  placed  upon  an  entirely  dilTcrent 
baiis.  As  human  tissues  consist  of  cells,  and  the  entire  developmeut 
of  man  results  through  cell  activity,  thia  must  naturally  lead  us  to 
asBimc  that  the  purely  chemical  part  of  human  exintence  takes 
place  in  as  many  cells  as  the  individual  possesses.     That  whinh  in 
chemist rj-  we  describe  as  a  reaction  must,  if  we  leave  out  of  the  ques- 
tion the  chemical  pruccsetc^  in  the  digestive  tract,  take  place  in  mnall 
eeparale  spaces,  such  as  the  chemist  never  employs  for  his  experi- 
■Bents.  The  chemist  does  not  usually  assume  that  reactions  occurring 
in  sDcfa  exoeedioKly  restricted  spaces  diOer  from  those  wliJch  take 
place  in  the  vessels  used  for  his  operations.  It  will  be  the  t'ask  of  the 
bJologitt  to  investigate  whether  this  chemical  action  in  the  cells 
undergoes  any  modification  through  limitation  of  space. 

I  have  been  able  to  prove  in  the  course  of  in\'estigationB  on  the 
"dcAd  space  in  chemical  renetions  outside  the  organism  "  that  power- 
'til  phenomena  of  fricdoti  take  place  here.  This  could  not  he  de- 
finitely proven  experimentally  ia  the  case  of  all  reactions,  but  some- 
timee  it  could  be  shown  that  if  the  space  inclosing  the  fluid  be 
^■ttunhuEbed,  the  reactions  in  comparison  vrith  those  which  occur  in 
^H**^8W  sp»ce«  are  retarded  if  not  completely  arrested.  The  objection 
I  lo^Kht  be  raised  that  in  these  exTierimetita  the  retardation  or  arrest 
*^  aeaction  was  generally  due  to  the  nearness  of  solid  walls,  but  it 
^^^  observed  that  the  same  phcaoiucnon  ia  noticed  when  the  bound- 
'"'V  of  the  duid  is  only  formed  by  surface  tension,  for  the  tense 
*^*~fftce  behaves  like  a  firm  elastic  membrane  toward  the  fluid,  as  is 
*-r»«s  caae  ^itb  many  cells.  The  results  showed  that  whenever  the 
"^c&tioD  of  the  liquid  increased,  the  chemical  reaction  was  retarded. 
^*>J«  hindrance  of  the  reaction  in  small  spaces,  which  differs  in  the 
^^*a<  of  diffezent  reactions,  naturally  permits  the  concluaion  that, 
^^*itrary  to  what  happens  in  large  spaces,  in  small  ones  entirely 
'^  Querent  reactions  will  result.  Of  course,  thi.s  observation  can  only 
'^*~^w  as  the  initial  proof  that  the  chemical  action  in  the  cells  is  unlike 
'**  «*it  which  occurs  in  test-tube  experiments.  We  see  that  here  also 
"*^  argument  for  the  acceptance  of  the  theory  of  vital  energy  which 
'  l^^iintod  out  to  you  as  possible,  is  refuted. 

.As  regards  drugs  and  their  absorption  these  chemical  processes 

P*XlbBbly  play  nn  important  part,  for  we  observe  that  reactions 

o'Scnning  outside  of  the  organisms  do  not  take  place  within  it,  and 

("tt.  the  other  band,  combinations  arise  which  are  difficult  to  produce 

ffxtcnully.  Here  we  may  mention,  by  way  of  illustration,  the  farjlity 

^  deoompoeitioD  of  common  salt  into  hydrochioiic  acid  and  alkali. 
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Moreover,  I  should  like  to  remind  you  that,  for  example,  in  the 
loxicologieal  pro ce sees  in  poisoning  with  carbolic  acid  we  were 
(Entirely  unable  to  foresee  that  the  Bulphunc  acid  of  the  organism 
foritiH  with  the  carbolic  acid  a.  complex  sulphuric  acid,  wliich,  being 
n on- poisonous,  arreBta  tlie  toxic  effects  of  the  carbolic  acid. 

Starting  from  this  (ronaidcrntion,  it  docs  not  appear  strange  that 
a  number  of  subHtaiitcs  which,  even  when  much  diluted,  have  a 
dcetructive  effect  on  bacteria,  manifest  when  taken  up  iolo  the 
)<}'»teiii  no  trace  of  di^ufecting  power,  such  us,  fur  instance,  phenol 
itself  and  corrosive  sublimate  in  c&aen  of  anthrax. 

The  wniplost  example  that  the  discover)'  of  the  cause  of  disease 
is  by  no  means  decisive  in  therapeutics  may  Ijc  seen  in  the  dc^-eloj)- 
meiit  of  the  tricliina.  It  is  a  humiliating  fad  ttiat  we  are  entirely 
powerless  agaiiisl  this  enemy.  Even  the  female  trichinae  developing 
ill  the  infefttine  after  the  consuniption  of  meat  infeeted  with  the$>e 
paroates  cannot  be  made  innocuous  by  any  known  antheimintic, 
and  wo  arc  not  even  able  to  expel  these  intestinal  trichinae  by  means 
of  purgfttivee.  The  embryos  wander  irrevocably  into  Ihe  muscular 
tissues  to  destroy  the  organism,  or  by  encapBulation  remain  per- 
manently in  the  man  or  animal.  Even  in  this  proce-se  of  calcification 
of  the  trichinae  we  are  quite  powerJeiiw  to  intervene. 

The  nineteenth  century  has  been  distinguished  by  the  discovery 
of  the  causes  of  disease.  But  thiBdoes  not  give  us  means  of  "curing." 
As  the  history  of  therapeutics,  however,  shows  that  in  the  case  of 
serious  maladies,  such  as  syphilis  and  malaria,  the  remedies  have 
tircn  found  long  before  the  rerognition  of  their  cause,  we  must  con- 
linue  to  search  for  reniediea  independently  of  the  causes  of  disease. 
So  far  the  knowledge  of  morbific  agents  has  been  more  important 
for  prevention  than  for  cure. 

On  the  other  hand,  remedies  like  iodoform  are  entirely  ineffective 
on  bacteria  outside  the  system,  whereas  after  the  entntnee  of  thia 
suhstanec  into  the  cells  an  energetic  fonie  is  opposed  tu  the  invaders. 
As  in  every  observation  we  must  be  careful  not  to  draw  too  fai^ 
reachinft  coneluidons,  because  the  pwisibility  of  reactions  taking 
place  outside  of  the  organism  may  also  hold  good  within  it,  as,  for 
instance,  in  the  treatment  of  lead-poisoning.  Therapeutics,  thanks 
to  Melsens,  celebrated  a  great  triumph  here,  for  the  iodine  of  the 
iodide  of  potassium  administered  in  this  Ui^ose  combines  witb 
t^iL-  lead  united  to  the  albumen  molecules,  forming  iodide  of  lead, 
and  can  then  leaw  the  body  dissolved  in  the  alkaline  juices  of  the 
organism,  and  thus  bring  about  a  cure. 

It  niiiy  be  Kaid,  in  passin^t  that  in  the  esse  of  many  active  sub- 
stanoes  specific  chemical  processes  take  place  as  ore,  for  instance, 
secu  in  phosphonis  poisoning.  Phosphonjs,  though  usually  so 
easily  oxidized,  when  absorbed,  is  not  oxidised  quickly  enough  by 
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the  oxygen  of  the  cells;  ia  the  preeeiice  of  turpentiue  oil,  however, 
*  tnnsfereace  of  the  oxygen  occurs,  and  the  phosphorus  is  more 
ra[Ndly  oxidized,  cumbiaes  with  the  oil  of  tur]>eutiiic,  find,  us  wv 
must  assume,  forms  turpentine-phosphoric  acid,  wltich  is  innocuous 
to  the  system.    liy  the  ingeation  of  oil  of  turpentine  the  organism 

ican  thus  o^Trcome  the  cause  of  illness. 
X'Dfortunat«Iy  we  do  not  possess  similsr  remedies  for  «ome  other 
toxic  morbific  agents  which  arc  takon  up  by  the  rcll. 
Since  for  the  pRigit-!*?  of  therapeutics  it  ia  necessary  to  cootiider 
the  vlieinicat  and  physical  qualities  of  the  body,  therapeutics  ia 
aaturally  dependent  upon  progress  in  chcmiBtr^'.  Although,  ae  has 
already  been  shown,  pharmaceutical  themistrj'  can  be  utilined  for  the 
benefit  of  medicine,  the  results  of  theoretical  chemistry  have  not  aa 
yet  become  of  much  distinct  iniportiuice  for  therapeutics.  In  the 
£nt  half  of  the  uineteentlt  century  diatin^^shed  chemists  occupied 
thenaelves  vith  the  lavs  of  matter  independent  of  biological  pro- 
ceeses.  Various  chemical  and  phvsirul  thcoriea  followed  each  other, 
■nd  the  theories  propounded  by  Dumas,  Gerhard,  Williamson,  and 
KeicuW  eventually  developed  into  van  't  Hoff's  stereochemisln',  and 
ID  the  physo-chemical  rescarehea.     But  theae  diBcoveries,  thoitKh 

|tna<fe  outside  the  limits  of  biology,  came  to  be  of  great  importance 
to  medicine  when  medical  chemistry,  fostered  both  by  ohomiets  and 
phy.-noians,  licgan  its  growth. 
In  the  beginning  of  the  centtuy  theoretical  views  in  regard  to 
drugs  had  to  contend  in  part  with  the  philosophical  tendencies  of 
ththn'  liracs.  in  part  with  the  ill  success  which  formerly  attended  the 
iatro-chemical  and  phyalo-chemical  schools  of  physicians.  Progress 
in  tlie  apphcation  of  therapeutical  measures  was  left  to  pure  empir- 
icism, and  the  view  was  accepted  that  what  applied  to  fcMjd  would 
also  do  for  medicine;  for  we  became  acquainted  mth  the  use  of 
coffee,  tea,  chocolate,  potatoes,  eto.,  not  through  theory,  but  simply 
throu^  empiricism.  This  stnntipoint  could  be  justified  all  the  more 
because  nmny  important  remedies,  mich  as  quinine,  arsenic,  and 
PeniviAD  balsam  (which  last  substance  has  almost  led  to  the  dis- 
appearance of  a  contagious  disease  similar  to  leprosy  in  its  terrible 
forms)  became  availnbtc  to  humanity  purely  through  empiricism 
and  not  as  the  result  of  scientific  investigations.  Slnularly,  balneo- 
therapy  is  of  empiric  origin;  only  recently.  oH-ing  to  the  physio- 
lojpcal  researches  of  Wintcmitz  and  others  and  tlic  application  of 
phydcal  chemistry,  has  tt  assumed  the  dignity  of  a  separate  branch 
of  science.  In  consequence  of  a  false  point  of  view  and  empiricism 
the  creative  ideas  of  a  Paracelsus  were  forgotten. 

The  progress  in  the  chemistry  of  organio  substances  offered  on 
opportunity  to  combine  chemical  and  medical  research .  espeeially 
in  the  pr(»-iDcc  of  therapeutics. 
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I  myself  have  had  the  pleasure  of  seeing  that  by  this  cooperation 
of  medicine  with  organic  cliemistry  an  iraputne  has  been  given  to 
thompt'Utica,  whioh,  in  spite  of  a  cortaiu  opposition,  cannot  again 
disappear  from  the  sphere  of  research,  uq  opinion  which  was  held 
and  cxprcjjaed  on  the  part  of  chemistry  by  the  late  A.  W.  von  HoflT- 
mann. 

A  good  example  is  furnished  by  chloriJ.adruR  formerly  belonging 
to  the  chemical  rarities,  bei-aiise  IJebig's  method  of  production 
provided  no  means  of  obtaining  sufficient  quantities  for  experi- 
mental medical  research.  This  body  was  knovm  as  a  chemical  sub- 
stance »-t  early  as  1832;  but  its  intrinRio,  therapeutic  value  wan  not 
discovered  until  the  year  1S68.  It  is  in  America  more  than  anywhere 
else  that  these  im-estigations  have  recuivcd  the  fullest  appreciation. 
Ttie  uee  of  chloral  hydrate  was  based  upon  the  idea  that  when  taken 
up  into  the  blood  a  sptitting-oflf  of  chloroform  iskCB  piftcc.  as  i« 
the  case  nutsde  the  arganism  in  the  presence  of  all  alkalict.  This 
point  has  been  the  subject  of  much  controversy.  Tliere  can  be 
absolutely  do  doubt  that  whenever  chloral  has  had  no  soporific 
effect,  a  considerable  quantity  of  urochloralic  acid  can  be  found 
in  the  urine,  which  must  be  traced  back  to  the  chloral.  It  is 
equally  certjiin,  however,  that  small  quantities  of  urochloralic  acid 
aln-ays  are  to  be  found  in  the  urine  after  the  administration  of 
chloral.  But  it  is  just  ae  true  that  the  main  therapeutic  effect  de- 
pends on  the  formation  of  chloroform.  Only  those  who  consider 
these  principles  will,  as  is  shown  by  clinical  experience,  be  able 
to  observe  chloral  in  the  full  unfolding  of  its  effect.  Shortly  after 
its  effect  hud  become  known  the  Glasgow  clinician,  Ru!«.scl,  proved 
that  in  conditions  of  excitement  in  typhoid  fever,  owing  to  the 
marked  increase  of  the  alkalinity  of  the  tissues,  email  doses  of 
chloral  hydrate  tlirough  their  deuomposition  manifest  the  same 
effect  as  that  produced  only  by  large  doaes  in  similar  conditions  in 
other  disca-ses.  On  the  other  hand,  in  gout  the  opposite  happens. 
E\'en  large  doaes  do  not  produce  the  desired  effect,  since  alkali  is 
lacking  for  the  decomposition. 

But  we  cannot  judge  of  all  organic  bodies  from  the  standpoint 
of  (}eRompD.<iition.  Many  take  up  substances  from  the  organism,  and 
since  the  discovery  that  ben/oic  acid  becomes  hippuric  acid,  and 
salicylic  acid  changes  to  Kalicyluric  acid,  it  has  been  pro\-ed  that  the 
opposite  of  decomposition  takes  place  with  a  number  of  drugs. 
Furthermore,  it  does  not  Boem  impossible  that  many  eiibstaiKiies 
unite  with  the  disease-products  formed  in  the  orgnnism.  This  hypo- 
thesis may  bo  supported  by  the  fact  that  the  system  itself  produces 
an  acid,  such  as  glycuronic  acid,  which  carries  off  foreign  substanocs 
from  the  orgaiiiam,  such  as  camphor,  phenol,  etc.,  in  the  form  of 
a  double  combination. 
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Snee  the  time  that  chloral  came  Into  use,  orgtinic  balies  huvc  been 
putieululy  iovestigated.  Owing  to  the  tremendaus  amount  of 
nutoJal,  there  has  been  a  tendency  to  place  reliance  upon  the  clicm- 
icaJ  compoaitioD  in  making  a  choice,  and  it  htia  been  usnttnccl  that 
the  cbcaucol  constitutioD  stands  in  a  certain  relation  to  the  action 
"fa  drag.  Many  experiments  have  been  made  in  this  direction.  We 
do  not  nisb  to  deny  that  such  an  influence  ovcaftionHlly  exists;  at  any 
Mte,  n  see  that  n-hcn  the  action  of  a  given  substance  is  knowti, 
rfangM  in  the  molecule  will  produce  a  difference  in  action,  and  that 
h'  the  introduction  of  certain  groups  certain  definite  changes  in  the 
*ffect  may  be  expected.  Among  this  group  of  bodies  is  antipyrin,  in 
which  chaoiP^  in  the  side-chainA  Icftve  the  nature  of  the  effect 
pretty  much  the  same,  even  though  new  therapeutic  advantages  are 
obtained,  as  is  best  seen  in  pyramidou.  A  duular  example  is  offered 
hj  verona],  lately  suggested  by  E.  Fischer  as  a  soporific, 
^fc  But  it  is  aa  jret  impossible  to  predict  the  effect  of  a  chemical  body 
^Hfrom  ii«  conslituiion,  unless  a  dccooi  posit  ion  product  of  known 
^^elion  is  formed,  as  in  the  case  of  chloral  hydrate,  or  unless  an  active 
[  and  wrell-known  nucleus  forms  the  basis  of  the  substance.  There  are, 
of  course,  examples  which  point  to  the  connection  between  consti- 
lution  and  effect,  such  as  the  difference  lietween  the  action  of  bi- 
ud  triehlorinated  aliphatic  combinations.  The  trichIoriDBt«d  bodies 
have  a  lethal  influence  OD  the  heart ;  the  biuhlorinutcd  bodJea,  such 
M  efaloride  of  ethylideu,  only  on  the  m.eduUa  oblongata.  If  tri- 
c^rtnated  butylaldehyde  (butylchloral)  be  administered  to  an 
animal  oniy  an  effect  on  the  medulla  ublonKata  is  produced,  in  spite 
01  rho  triple  chlorination.  The  reason  of  this  is  that  allylchloroform 
w  fanned  in  the  organism,  which,  not  being  stable,  splits  up  ioto 
ai<hIorally!cn,  which  is  a  bichlorinated  body. 

^'^*'ing  to  the  progress  in  chemiHtry  medical  science  has  been 
enabled  to  determine  the  relation  which  certain  new  drugs,  by 
">**Oo  of  their  composition,  bear  to  other  established  remedies  of 
•"O^'Ta  constitution.  This  has  been  demonstrated  by  Oactano  Vinci 
in  cucain.  whose  composition  is  analogous  to  that  of  cocain.  Eueain 
's  a  drug  which  is  truly  litted  to  replace  cocain  on  account  of  itB 
*I*8'*t«r  poisonous  nature,  eapecially  in  the  form  of  tt«  lactic  acid 
salt. 

^^    lias  frequently  been  assumed  that  certain  atomie  groups  in 
the  tnolecule  aro  the  hearers  of  a  special  action,  and  that  accord- 
ingly the  bodies  of  a  chemical  series  must  exhibit  a  Edmllar  effect. 
That  it.  however,  by  no  means  the  case,  for  even  formic  add  and 
udic  acid  manifest  markedly  different  biological   pro[>ertics.      In 
■looliob  the  theory  is  founded  on  the  presence  of  a  certain  chemical 
graup,  which  is  spoken  of  as  the  alcohol  group.     But  we  see  this 
troop  appearing  threefold  in  glycerine,  and  yet  no  physiological 
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counectiou  betweoD  the  effect  of  common  alcohol  and  of  glycerine 
can  be  established. 

Ill  general  we  must  confess,  however,  chat  vre  cannot  as  y&. 
speak  of  a  relation  between  constitution  aod  effect,  because  what 
wc  cull  effect  mu«t  be  regarded  as  an  inHuencc  on.  the  different 
functions.  Even  if  we  voiiidder  the  apparently  tdniplo  meehan- 
ism  of  alecp,  we  must  remember  that  it  may  be  induced  by  an  in- 
fluence on  the  brivin,  or  equally  well  by  an  tuition  on  the  jjcri- 
phery.  Wo  cannot  here  enter  into  a  physiological  analysis  t>f  the 
processes  taking;  place  In  the  origanism,  but,  as  the  above  example 
shows,  tlie  mosl  <tivcrst'  parts  of  Ihe  system  rowy  be  alTectcd,  eo  us 
to  pruduee  a  siniiiar  result.  Moreover,  the  different  hypnotics, 
although  fulfilling  the  same  purpoae,  have  an  entirely  different 
composition.  Ou  the  other  hand,  when  iD\'estigtitiug  the  action 
of  ebemieal  substances  we  may  always  expect  new  results  to  be- 
come manifest  by  chance,  for  when  Baumann  was  studying  the 
effects  of  sulfonal  It  hud  never  occurred  to  him  that  thi»  body  might 
poesess  soporiGc  powers.  We  can  beut  see  the  prominent  part  played 
here  by  chance  in  the  introduction  of  salicylic  acid  into  tberapeit* 
tics.  After  Kolbe  luui  succeeded  In  synthetically  producing  this 
aeid,  which  is  normally  contained  in  the  bark  of  the  willow,  he 
thought  tlmt  it  would  exhibit  disinfecting  properties  within  the 
nystcm  by  Us  decomposition.  This  decomposition  do<!8  not,  how- 
ever, occur.  Yet  Kolbe's  idea  has  led  to  the  clinical  application 
of  this  substance,  and  the  valuable  results  obtained  by  Strieker 
from  the  use  of  salicylic  acid  in  acute  articular  rheumatism,  al- 
though it  ia  not  by  any  moana  a  specific,  have  stimulated  to  con- 
tinuous researches,  most  fertile  for  therapeutics,  upon  the  various 
salicylic  preparations. 

It  is  not  impossible  that,  starting  from  this  small  therapeutic 
£eld,  the  indications  for  the  use  of  salicylic  preparations  may  be 
greatly  extended. 

Even  though  the  constitution  of  a  chemical  body  gives  us  no 
firm  basis  for  pharmacodynamic  investigations,  we  can  yet  de- 
rive the  moat  varied  hypotheses  from  it.  In  pharmacodynftmic 
research  we  may  uphold  the  same  principle  which  Claude  Borhard 
expresses,  namely,  that  by  proniulgaling  an  hypothetds  we  are  led 
ou  to  experimental  research,  the  solution  of  which  may  be  of  the 
greatest  importance.  G.  Gore  lexpresscs  his  opinion  in  ra.uch  the 
same  way : 

"A  discoverer  is  a  tester  of  sciCDtilic  ideas;  be  must  not  only 
be  able  to  imagine  likely  hypotheses,  and  to  select  suitable  ones 
for  in^'estigation,  but,  as  hypotheses  may  be  true  or  untrue,  he 
must  also  be  competent  to  invent  appropriate  experiments  for  testing 
them,  and  to  dcviso  the  requisite  apparatus  and  arriuigomcnts." 
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The  arienec  of  therapeiitics  quite  properly  does  not  follow  n  one- 
siiled  course,  but  seeks  «id  in  ull  directions,  and  siace  tlie  resiilts 
of  the  exflct  nfttural  ecienccs  are  not  yet  ripe  to  guide  us  clearly, 
«e  must  (like  into  consideration  what  has  been  gained  by  prac- 
ticd  experience,  for  it  would  be  a  false  principle  to  condemn  pnpu- 
lir  medicines  without  examination.  At  the  beKinning  of  thJa  lee- 
tore  the  successful  application  of  digitalis  was  already  mentioned. 
And  here  we  must  not  entirely  ncslecl  the  hiatori(;al  side  of  em- 
piric ol>se^^•at!on.  Frequently  even  the  mosl  absurd  practices  are 
hated  upon  theor>*.  When  we  turn  away  In  disfpist  from  the  nnrlean 
ewrcton-  produets  of  animul«  uifcd  in  ancient  times  and  by  Asiatic 
nUionfl,  which  wc  now  regard  as  the  very  outcome  of  folly,  wo  cannot 
ignore  the  fact  thnt  even  this  practice  was  founded  on  theory, 
though  a  false  one.  This  is  proved  by  Pliny,  who  tells  us  that  ani- 
tala  eat  txad  digest  plants,  but  the  medicinal  part  is  not  absorbed 
br  tba  oiguiism,  but  excreted,  for  which  reason  the  feces  contain 
«ArtanceB  curing  human  ilia.  These  prejudices  remuiiied  for  cen- 
luriM,  as  is  proved  by  Paulini'a  book,  published  in  1697,  but  which 
c«  now  be  read  only  with  disgust. 

Such  excretions  as  tiuisk  and  caatoreum,  which  are  undoubtedly 
rf  tbIuc,  should  by  no  means  he  rejected.  But  particularly  the 
nineteenth  century  has  directed  nttention  to  the  question  whether 
'fie  products  of  the  organs  themselves,  or  certain  substances  con- 
Uined  therein,  might  not  l>e  employed  as  remedies. 

It  iras  no  easy  task  for  Brown-Sequard  to  prove  that  the  prin- 
ciples contained  in  the  testicles  of  animals  exercise  a  stiinulnting 
mJ  exciting  influence  on  the  system.  The  discovery  of  spcrmin 
"yttals,  their  occurrence  in  various  organs,  and  the  decidedly 
*iffiu!ating  effect  produced  by  these  substances,  reminded  physi- 
QUw  I  hat  creatin,  which  had  already  been  obtained  from  meat 
Mtmt,  had  an  effect  similar  to  that  produced  by  the  .sfllts  of  potas- 
on  the  animal  body.  This,  m  we  may  say,  weak  connecting 
yet  led  to  the  further  development  of  a  principle  in  ther»|K-u- 
•io-  Medical  chemistry  has  already  succeeded  in  obtaining  from 
"» organism  subataaces  which  may  be  of  the  greatest  importance 
™  therapeutics.  You  all  know  the  effect  of  thyreoidin  on  the  sys- 
tsiii.  Obviomly  the  active  principles  here  are  albuminoid  bodies, 
*fie  peeuliarily  of  which  has  already  been  partly  explained  by 
"•waann  in  that  iodine  is  one  of  their  component  parte,  Prob- 
■%  DO  one  would  have  imagined  thnt  this  element  must  be  re- 
&fisd  as  one  of  the  constituents  of  the  human  organism. 

^e  verj*  much  studied  question  of  the  constitution  of  albumen 
*>n  naturally  lead  to  a  more  exact  knowledge  of  the  different  kinds 
'^albumen  which  are  of  value  therapeutically  and  open  a  new  field 
«f  obeetrratioD  to  pharmacology. 
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The  most  surpriaing  feature  in  the  action  of  substances  of  the 
organs  la  presented  by  the  constitueot  of  the  supra-rennl  capsule, 
udrunuiin,  not  uc  albuminoid  body,  it  is  true.  In  order  to  better 
illustrate  the  importance  of  the  new  datnain,  the  following  phar- 
macodynanuc  cxpcrimeot  may  be  mentioned.  Doses  of  eociiin 
which  are  Absolutely  futal  to  aniinitla  ure  easily  borae  in  the  pre- 
sence of  adrenalin  without  any  injurious  effect  whatsoever.  These 
substances,  us  they  arc  found  in  the  body  of  animals,  arc  certainly 
of  importance  for  the  life-procesaea  themselves.  Taken  from  the 
aaimal  body,  they  have  the  same  eSect  as  the  human  product, 
and  can  thus  be  employed  a«  curative  agcnte  in  inan. 

But  medical  ohemistry  had  already  undertaken  resesrcheo  which 
were  not  indeed  utilized  therapeutically  at  once,  but  came  to  exert 
great  inducDce  on  therapeutics.  In  1^69,  Zuelzer  and  Sonncnschcin 
proved  that  alkaloidal  bodies  may  be  formed  by  the  decompoKi- 
tiOQ  of  the  organic  Buhatances  of  the  organism,  and  later  on  the 
theory  of  toxins  was  derived  from  this  observation.  This  a^in 
hai  led  to  von  Beiiring's  remarkable  and  far-reaching  theorj'  of  the 
anti-bodies  formed  la  the  organism. 

How  to  make  the  subatuncea  obtained  from  the  bodies  of  ani- 
m^  useful  for  therapeuticB,  depends  upon  the  state  of  our  physi- 
ological and  cheDiical  knowledge,  and  espeoislly  on  the  iTtda.  of 
ideas  arLiing  in  connection  with  these  Hubjccta.  Tliis  can  be  seen, 
for  example,  in  the  case  of  the  esters  of  cholesterin,  the  oompom- 
tion  of  which  vras  already  discovered  by  lierthelot.  but  not  in  con- 
nection with  biological  invcstigaticiia.  On  the  other  hand,  cho)e»- 
terin  eaters  had  been  observed  in  the  form  of  wool-fat,  and  the 
impure  product  was  used  medically  and  ooemetlcally  even  in  an- 
cient times  for  its  curative  powera.  It  was  proved  that  a  functional 
significance  as  regards  the  animal  organism  must  be  attributed 
to  choleaterin  cstcra,  for  they  are  present  in  mammalB,  birds,  and 
all  creatures  whose  external  surface  is  of  keratinotw  character. 
They  give  luster  to  the  skin,  but  act  chiefly,  so  to  say,  as  a  protective 
vaniish.  Tho  white  substance  of  new-bom  children  is  therefore  vcr>- 
properly  termed  chetwy  vamisli  (vemix  oaaeosa).  It  was  formerly 
thought  to  consist  of  glycerine  fat,  but  It  is  actually  composed  of 
choleaterlri  eaters.  The  liigher  members  of  these  cstcra  arc  chsrac- 
terlzed  by  the  physiological  properties  of  wax.  Gottstein  has  shown 
that  this  substance  offers  no  food  for  mierobes,  is  wry  Btable,  dif- 
ficult to  saponify,  and  not  decomposed  by  the  o.xyKCn  of  the  air* 
as  are  other  fate.  Thua  it  forms  a  protective  matter,  eapeeially 
effective  by  reason  of  its  waxy  nature,  and  this  has  led  to  the  pro- 
duction and  application  of  therapeutic  substances  similar  to  choles- 
terin e«ter,  as.  for  e.xamplc,  fctron. 

The  icSuence  of  pathological  anatomy  ou  therapeutics  bcloo^a 
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eotiKly  to  the  oineteenth  century.  To  John  Hunter  is  Baglaud 
BicKut  in  Fruncc  belougs  the  credit  of  freeing  piithological 
imy  from  the  braiiilesu  descriptive  scientism,  and  (if  forming 
Jt  laLo  tlie  necessary  basis  for  every  forin  of  progress  in  tlieiftpeu- 
lip*.  Prom  this  time  until  Virohow's  tabors,  the  declBive  import- 
iiflpe  of  whi«h  is  recognized  impartially  by  all  nations,  pathological 
anatomy  has  exercised  a  grout  influence  upon  medical  acti^ity. 
IVllutar  pathology'  especially,  in  npite  of  all  former  baltivs  and 
IJfwent  attacks,  will  form  the  basis  of  every  Gxperimt'atal  and 
ihcrapeulic  observation,  though  aoiiic  of  the  vicwo  concerning  it 
inny  un<lergo  modiUcation  through  (he  progress  of  science,  and 
ii|)iiiioiifl  wliieh  Virchow  himeelf  could  not  accept  may  be  brought 
lorvard  again.  The  acicntihc  quc^ition  which  appcarcti  av  a  result 
of  ceUular  pathology  is  the  question  of  the  cause  and  symptomato- 
kgy  of  disease.  Nothing  can  be  more  suitable  in  treating  this  ques- 
lim  than  to  quote  Virchow'e  own  wordii: 

"kn  elementary  pathological  process  in  the  sense  of  cellular 
lintlinlogy  nppCATB  thus:  an  external  influence  acts  upon  a  living 
vdl  and  ulLcn  it  in  a  mechanical  or  chemical  way.  The  external 
iaSnence  is  the  cauta  externa,  or  as  we  simply  express  it.  tke  came 
of  diuage :  the  altered  condition  is  called  pnasio.  disease.  If  now, 
in  cotwcqucnce  of  the  change  undergone,  an  action  [actio  t.  rtaetio) 
I4kt6  place  in  the  living  cell,  this  change  is  called  a  state  or  im/o- 
lim  (irriUimentum) ,  and  the  cause  of  di.sease  irritants.  If ,  on  the 
nlber  hand,  no  action  ensues,  if  the  condition  is  Umited  to  the 
(JUDge  "suffered"  by  the  cell,  wc  have  to  do  with  a  mere  disturb- 
uee  (faf»io)  or  paralysit.  Since,  however,  the  same  caune  can 
cvuke  irritation  in  one  cell,  merely  a  disturbance  in  another,  nnd 
tven  p&Tulysis  in  a  third,  we  a8.<nime  a  certain  difTeroncc  of  the  In- 
lem&l  arrangement  to  be  the  eauae  of  this  varying  behavior.  Thus 
veeame  to  the  internal  cause  or  predisposition." 

Boi  these  wonls,  spoken  in  1880,  must  be  modified  accort^ng  to 
prwnit  experience.  According  to  Virchow  the  eausa  exiema  is 
llietause  of  disease.  The  irritant  acting  upon  the  organism  is  under 
tU  drevmatavree  the  morhiRc  factor  according  to  this  assumption. 
^*  do  not  wish  to  play  with  words.  If.  indeed,  this  foreign  intnid- 
"Jj  Hgent  produces  a  dtjstruction  of  the  cell-power  or  a  morbid 
'"odi^catioD  of  it,  it  obviously  must  be  regarded  as  the  actual  cause 
*'<li»aee.  But  when,  for  inetancc,  we  sec  that  the  invading  body 
produces  only  an  entirely  local  irritation,  or,  although  capable  of 
^production ,  as  is  the  case  with  bacteria,  no  proliferation  occurs, 
''  beeonne*  difficult  to  consider  the  same  factor  as  the  cause  of  dis- 
*"«  in  all  instances.  Virchow  terms  this  phenomenon  of  indolence 
•f  the  cell  towards  the  intruder  a  want  of  predisposition;  accord- 
■■>8  to  the  school  of  bacteriologists,  however,  the  cell  is  not  a  cut- 
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lure  medium  in  the  given  case.  We  see  from  this  explanation  that 
Virehow  him.'tpU  assumes  the  cell-power  to  be  viiriiible,  and  we  caa 
quite  li'Kically  and  forrectly  say  llmt  by  the  term  disease,  i.  e., 
I1Q80S,  li  designated  tbnt  condition  in  which  the  external  imiation 
can  ftocomplish  the  defeat,  of  the  cell. 

Von  HanBemann  has  shown  from  a  pathological  and  anatom- 
ical point  of  view  thut  in  ciises  of  diubctcs  mcllitus  nnd  other  dis- 
enses  the  tubercle  haciltua  involves  secondarily  the  lung.  Von 
Hunsenmnii  calls  tliis  disposition,  but  we  must  certaiuJy  first  of 
nil  term  it  "nosux,"  since  it  \»  n  question  of  proved  deviation  from 
Ihe  normal. 

Tliis  can  also  he  illustrated  by  experiments.  In  a  frog  anthrax 
bactcriii  do  not  proliferate.  As  soon,  howevt'r,  «m  wc  place  the  ani- 
mal in  an  incubator,  r,  e.,  weaken  the  cell-power  by  heat,  we  are  _ 
able  to  make  the  nnimal  susceptible  to  the  inoculation  of  anthrax.  | 
In  this  case  the  parai<.ite  i»  only  a  parasite  of  the  chsca#cd  cell,  and 
this  kind  of  infection  I  ha\-e  termed  noeoparaflitiam.  Thus  we  must 
describe  aa  '■  nosos'"  the  molecular  change  which  w^  ran  no  more 
observe  through  the  micrnscope  than  we  can  the  course  of  a  chem- 
ical reaction,  the  outcome  of  which  we  judge  only  by  the  result. 

The  cell  ia  subject  to  the  same  vital  fluctuationti  as  Brown  has 
assumed  for  the  organism.  BrowDonian  theory  has  had  no  special 
value  for  practice,  it  is  tnte.  because  nt  thut  lime  It  was  impossible 
to  base  a  tiystem  of  therapeutics  on  llieae  observations  so  as  to  be 
of  practical  use.  But  it  must  be  acknowledged  that  liis  theoretical 
deductions  can  be  applied  to  the  vitality  of  the  cell.  This  theoret- 
ical explflufttion  is  under  all  clrcumBtarices  of  decisive  importance 
for  therapeutics,  and  already  physicians  are  beginning  to  direct 
attention  to  thin  view  in  the  .study  of  therapeutioi^.  Thun  A.  Mcnser 
says:  "The  solution  I  have  attempted  to  give  to  the  question  of  the 
etiology  of  acutu  arliculiir  rheumatism  is  derived  from  the  theory- 
of  a  correctly  interpreted  noaoparaaitism."  _ 

This  question  has  grown  to  be  of  special  importance  for  pulmon-  ■ 
ary  phthisis,  We  cannot  here  enter  into  the  subject  of  infection 
by  tulrercle  bacilli;  only  one  thing  ia  certain,  namely,  that  the 
bacillus  is  destroyed  if  the  cells  become  healthy  and  only  does 
hartii  when  the  cells  are  diseased.  Kveu  before  the  discovery  of 
the  tubercle  bacillus  this  fact  was  proved  by  dietetic  and  open-air 
cures,  1L1  described  in  the  excellent  work  of  (be  two  Doctors  Wil- 
liams, father  and  son,  and  Freund  again  has  shown  lately  (hat 
the  functions  of  the  tissue  of  the  lungH  are  impaired  by  abnormal 
immobilization  of  the  firvt  rib,  and  that  then  the  tubercle  baeillus 
can  begin  its  work. 

At  the  present  day  phurmacodyoamics  teaches  that  there  are 
indeed  drugs  which  do  not  merely  act  specifically  upon  a  tiaauc. 
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tt  pbnnphorus  actn  upon  the  forniAtioi)  of  bono,  but  that  there  are 
also  fell  excitants,  utich  aa  cantharidiii,  whicli,  without  themselveii 
hfiniig  (luy  effect  on  the  bactorin,  cah  bnng  About  the  cure  of  dts- 
(iue4  tiHftucs.  so  that  the  nosoparasitic  bacilli  arc  destroyed. 

Btit  here  begins  a  branch  of  science  which,  like  the  theorj'  of 
immunity  und  senim  therapy,  occupied  the  end  of  the  nineteenth 
centuo',  antJ  the  waves  of  discussion  still  run  so  high  that  it  is  hk 
jret  unsuitable  for  an  historical  survey.  It  is  sufficient  to  say  thai 
ftll  the  investigations  of  the  present  ae  well  as  of  the  past  century 
afford  MS  a  guarantee  that  we  are  foltowing  the  right  road  of  pro- 
grees  to  therapeutics,  and  assure  us  that  in  regard  to  the  healing 
of  disease  there  lie  before  us  "infinite  pos^sibihties,"  to  use  the  apt 
phrase  which  has  been  already  employed  in  regard  to  the  devel- 
upmcDt  of  your  country  by  Ludwig  Max  Goldbergcr,  "Das  Land 
itt  uo.befren2ten  Moeglichkeiten." 


THE  PROBLEMS  OF  THERAPEUTICS 
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[Sir  LaudBrBnmtoii,  Phveit^iAn  to  St.  Bartholomew's  HoBpit«l.  LondAs.  b.  I j 
M  n.,  ScD,.  l.L.D,  (EJiuburgb);  LI,  D.  (Abwdw-n);  F.  R.  C.  P.;  P.  R.  S. 
Autlior  of  Thf  iiU'U  and  Uricnce ;  Ttjt-Book  of  Pharm  ncoto^;  TKfrapfutic*  and 
Maieria  McdUa;  tHaordcri  oj  Digeition;  Ijcrlurrs  oti  Action  oj  H alicintt;  Di*- 
cTvbn  of  Atnmit^tlion;  CvUeOtd  Fapcrt  on  Cirathtivn  and  lUtpirtUion  ;  and 
muiicrouB papen  in iKicDtific luid mt-dicul  piriudiciUn.] 

The  subject  of  my  lecture  to-day  is  "The  Problem*  of  Therapeu- 
tics." My  audience  is  a  select  one  of  personH  interested  in  science 
and  art.  But  sciencQ  in  tbeee  days  has  branched  out  eo  widely  lliat 
it  is  impossible  for  any  single  persoo  to  be  acquainted  with  every 
department  of  it,  8o  that  the  terms  used  by  a  xofiloRist  may  be 
unintelligible  to  a  mathctnaticiao ,  or  rice  veraa.  'ITiere  are  some 
here  whose  researches  have  led  them  far  into  abstruse  departmeats 
of  science  and  if  they  were  epeakiiig  1  should  gladly  welcome  a 
few  introductory  -words  from  them  on  the  very  rudimente  of  tUeir 
science  in  order  to  help  me  lo  understand  a  disquisition  on  the 
more  advanced  parts  of  their  subjects. 

Judging  others  by  myself,  I  think  they  may  bo  glad  if  I  do  the 
same,  and  I  must  beg  the  indulgence  of  those  acquainted  with 
medical  science  and  its  branches  if  this  lecture  should  seem  to  be 
unuccessarily  rudimentary.  By  therapcutica  wo  mean  the  methods 
of  healing.  In  the  great  staircase  of  St.  Bartholomew's  Hospitnl 
in  London  there  is  a  large  picture  by  William  Hogarth  rcpresent- 
ing  the  Good  Samaritan.  The  poor  traveler  is  seated  on  th<;  ground, 
the  Good  Samaritan  ie  pouring  oil  and  wine  into  his  wounds,  while 
clnse  at  hand  is  a  dog  busily  engaged  in  liddng  a  cut  which  he  has 
received  in  the  fray.  Both  dog  and  man  arc  cn^ugtsd  in  HoK-ing, 
as  Far  aa  they  can,  two  of  the  primary  problems  of  therapeutlee, 
viz.:  (1)  bow  to  relieve  pain,  and  (2)  how  to  restore  health.  For 
disease  is  want  of  ease,  and  healtli  is  only  one  form  of  the  word 
"whole,"  by  which  we  mean  that  a  thing  is  entire  and  neither  cut, 
broken,  nor  cracked.  The  closure  of  wounds  is  one  form  of  reetor- 
ing  "wholeDefls"  or  "health"  to'the  body,  but  it  is  by  no  means 
the  only  one,  for  the  vita!  organs  lie  below  the  surface,  and  it  is  with 
disturbances  of  their  funotionA.  even  more  than  with  external 
wounds,  that  therapeutics,  or  the  science  and  art  of  healing,  is 
chiefly  occupied.  As  exemplified  in  the  dog  or  in  the  Good  Samari- 
tan, therapeutics  la  amply  an  art.  Certain  things  are  done  becauM 
they  have  been  found  to  do  good  before  and  so  they  are  repeated 
again  and  again,  but  odther  the  dog  nor  the  Good  Samaritaa  un- 
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derstands  th«  reason  why  their  procedure  is  uaeful.    It  is  only  when 
,1gt)oam  the  reason  why  that  on  art  becomea  converted  into  a  sci- 
Ittce.    Therapeutics  in  itit  primitive  form  ia  one  oi  tbu  simplusl  of 
all  the  axis  and  is  practiced  by  animals  as  well  as  by  man,  but  as 
a  scit'ncc  it  is  oae  of  the  most  complex  and  most  difficult  of  all  be- 
eituse  it  requires  a  knowledjje  of  the  fuactioas  of  the  body  in  h«altb, 
or  physiolcgy;  of  their  ubaoKes  iii  disease,  or  pathology;  of  the 
action  of  drugs  upon  the  body,  or  pharmacology:  aad  of  chemistry, 
physics,  and   other  ^iouces  on   which   physdology,  pathology,  and 
ptiarmacology  arc  based.    Finally  it  requires  the  practical  power 
of  recognizing  from  the  symptoms  (io  any  individual  case)  thu 
oatore  of  the  pathological  changeii  present  and  the  ability  to  apply 
(be  right  methods  of  treatment  in  order  to  counteract  these  changes 
and  heal  the  putlunt.    It  is  evident  that  such  complex  knowledge 
M  Ihis  must  be  verj-  difbcult  of  attainment,  yet   nevertheleas  the 
thange  of  therapeutics  from  on  art  into  a  science  is  progressing 
with  conuderable    rapidity.    In  a  text^book  on  the  eubjcct  wliicli 
I  publtahed  eleven  years  ago,  I  mentioned  the  use  of  quinine  in  ague 
as  tbe  best  example  of  the  art  of  therapeutics  whereby  we  eould 
cm*  a  disease  of  which  we  did  not  know  the  nature  by  a  remedy 
«ho««  curative  action  we  did  not  understand.     Since  that  time, 
bowever,  we  have  learned  that  ague  depends  upon  the  presence 
of  a  foreign  organism  in  the  body  and  that  the  beueflts  obtained 
from  quinine  are  due  to  its  poisonuus  action  upon  this  intruder, 
^s  malarial  panuuto  is  only  one  of  the  many  minute  organisms 
^Hcb  mar  or  destroy  the  health  of  t)ie  human  body.   Minute  organ- 
iuiis  or  microbes  are  must  useful  in  their  proper  place  and  without 
lAem  tbe  world  would  be  uninhabitable  because  they  are  the  nat- 
ural scavengers  which   produce    putrefaction  in  dead  plants  and 
Uimals  and  thus  brin^   about  their  return   to  duut,  fitting  them 
fwnew  lifo  instead  of  allowing  them  to  incumber  the  ground.    But 
not  rnntcnt  with  this  function  some  of  them  proceed  to  invade 
living  beings,  attacking  not  only  the  weiik  but  even  the  strong,  and 
by  growing  and  multiplying  within  them  weaken  or  destroy  their 

tlOttS. 

One  of  the  great  problems  of  therapeutics,  then,  is  to  defend  the 
body  from  attacks  of  microbes.  This  may  be  done  either  (o)  by 
^*cakening  or  destroying  the  microbes  themselvea  or  (6)  by  in- 
tRaaog  the  power  of  the  organism  to  resist  them. 

It  is  convenient  to  speak  of  the  body  as  a  whole  when  we  arc  dis- 
cuMing  its  invasion  by  microbes,  but  wc  must  not  forget  that  the 
body,  like  a.  country,  is  composed  of  many  parts.  The  interests  of 
the  different  parts  are  by  no  means  identical,  and  while  they  generally 
act  together  for  tiie  common  good  they  may  not  always  do  so.  and 
by  their  sluggishness  and  inaction  or. by  theii  mischievous 
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activity  may  do  harm  inetead  of  good  to  the  body  as  a  vfaole. 
■What  is  requisite  for  health  is  an  harmonious  action  of  all  the  dif- 
ferent parts  of  the  body,  or  as  St.  Paul  very  well  puts  it,  "And  thua 
all  th«  body  framed  and  knit  together  through  that  which  every 
joint  HUpplicth,  according  to  the  working  in  due  mejunirc  of  eath 
aeveral  part ,  maketh  the  increaite  of  the  body  unto  I  he  building  up  of 
itself "  (Epbea.  IV,  16,  Revised  Vcmion),  so  "that  there  should  be  no 
Bcliism  in  the  body  and  that  the  oicinbers  should  have  the  same  care 
one  for  another."  No  doubt  in  their  long  wanderings  together  Luke 
the  beloved  phyaciau  discussed  physiology  largely  to  Paul,  and  his 
expreesion  is  so  good  that  I  introduce  it  now. 

Just  as  the  people  of  a  country  is  composed  of  individuals,  so  the 
body  is  composed  of  numerous  cells.  The  whole  class  of  micmbes 
consists  of  Isolated  cells  which  are  like  a  iiomad  population.' each 
individual  complete  in  himBelf,  and  all  ready  to  form  a  swarm  for 
attack  and  invasion.  The  pells  which  compose  the  body,  on  the  con- 
trary, are  mostly  fixed,  and  differ  from  each  other  in  structure  and 
funrt  iou,  but  ought  all  to  act  together  for  the  common  good,  like 
eiviliMd  people.  Each  cell  lives  in  the  fluid  which  surrounds  it,  blood 
or  tissue  juice,  from  which  it  takes  what  it  needs  for  its  oxvn  nutriment 
aud  pours  back  the  products  of  its  tissue  act  ivity  which  may  be  partly 
waate  and  partly  manufactured  products  of  the  utmost  utility. 

In  order  to  have  a  complete  comprehension  of  therapeutic  pr<ih- 
lems  it  i."*  necessary  that  we  should  know  surnething  about  the  life  of 
the  cell,  because  the  Ufo  of  the  wbolo  body  depends  upon  that  of  the 
cells  which  coiuj)osc  it,  and  the  cure  of  disease  and  the  pnwcrvation 
of  life  depend  on  our  power  to  influence  cell-life.  The  proeesecs  of  life 
are  to  a  certain  extent  the  same  in  the  human  body  as  a  whole,  in  the 
cells  wliich  compose  it.  and  in  the  smallest  living  organisms  or  mi- 
crobes as  ihcy  are  termed.  They  all  digest  and  as-timilale  food,  they 
all  breathe,  and  they  all  excrete  waste  products.  A  knowledge  of  the 
processes  of  life  in  man  helps  us  to  understand  them  in  low  orgauisms 
and  m-cc  vrrsa.  The  use  of  pepsin  and  pancreatin  in  indigestion 
is  so  common  that  almost  everybody  knows  that  theite  substances 
have  the  power  of  dissolving  meat  and  that  pancreatin  cou^'erts 
Etitrch  into  sugar.  Everybody  knows  that  these  are  got  from  the 
stomach  and  pancreas  of  animals  and  that  it  is  by  similar  substances 
formed  in  our  own  digestive  csnal  that  we  are  able  to  dissolve  the 
food  we  eat  and  render  it  fit  for  absorption.  It  has  recently  been 
found  that  pancreatic  juice,  as  poured  out  by  the  gland  which  secretes 
it,  is  very  slightly  active,  but.  it  is  made  active  by  another  ferment 
secreted  from  the  intestine  which  is  culled  cntcritkinaNe.  Tlie  pan- 
creatic juice  contains  several  ferments;  that  which  acts  upon  meat 
IS  called  trypsine  and  in  its  inactive  state  it  is  called  trj'psogen. 
The  action  of  the  enterokiuaae  on  the  trypeogen  may  be  compared 
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ibat  of  a  maa  who  opens  the  blade  of  a  knife  and  renders  ao 
iiiatrutnent  proviouslj-  iriiu-tivc  very  active  indowl.    If  trypsine  were 
iibsorbod  into  the  blood  unchanged  it  might  dig«at  the  tiesues  them- 
selves and  it  must  be  rendered  again  inactive.    Thie  scents  to  bu 
effected  by  certain  sidwlmiccs  pi-esoiit  in  the  blood  which  have  a 
scMjalled  "auti"  action  upun  the  feruieiils  and  render  them  again 
iaactdvc    But  thaujih  the  digc-slivc  ferments  might  do  harm  if  pre- 
Mot  in  the  blood  in  an  active  form  mul  in  1  urge  quant  it}' ,  yet  it  ia  prob- 
ftble  that  all  tiie  ccih;  of  the  body  digest  the  food  which  is  brought 
to  them  by  the  blood  and  tisaue  juices  and  brea.k  up  this  food  for 
their  own  use  by  ferments  which  they  contain  theniselvefl.    Thirty 
years  ago  I  advanced  this  view  and  supported  it  by  the  fact  that  1 
waa  able  lo  extract  from  muscle  by  glycerine  u  substance  which 
decomposed  sugar.    This  observation  received  but  very  little  atten- 
lior  at  the  time,  but  recently  Gerninn  literature  is  full  of  papers 
which  suppott  my  views  and  confirm  my  results,  aJtbough  their 
writer*  oppurctitly   are   ignorant    of    my  work.     Fifteen  yeans  ago, 
alonR  with  Dr.  Macfadyen,  1  .showed  that  bacteria  not  only  excrete 
fcnnents  by  which  the  soil  iti  which  they  are  growing  is  digested, 
but  that  thoy  arc  able  lo  modify  these  ferments  in  accordance  with 
ite  soil  so  as  to  digest  either  prttteid  matter  or  sucar.    Curiously 
nough,  within  the  last  few  years  the  pancreas  in  animals  has  been 
thown  by  ProfcH«>r  Piiwlow  to  huvo  ulintlur  powers. 

-Vft  )ndi%'idual  microbe  has  received  so  much  attention  as  the  yeast 

plant  and  no  poison  which  is  formed  by  any  of  them  has  done  so  much 

hum  m  the  toxin  or  poisonous  substance  produced  by  yeast,  for  this 

'Olia  is  alcohol,  whose  poisonous  action  has  given  rise  to  the  term 

inioiication.  The  yeast-plaal.  when  grown  in  sugar,  excretes  into  it 

»  lermeut.  iovertaee,  which  splits  up  ordinary  caue-sugar  or  sacch- 

KMeinto  two  other  sugars,  dextrose  and  levulose.    The  yeast-plant 

•»y  be  separated  from  the  solution  of  sugar  by  filtration,  but  the 

wnnent  which  ie  already  excreted  will  remain  in  the  lillrate  and  may 

lill  continue  to  act  on  the  sugar,  just  us  pepsin  may  dissolve  a  piece 

"^  ttwsl  in  a  jar  all  hou^h  the  pie  which  produced  it  is  dead  and  gODe. 

"it  no  alcohol  will  be  formed  by  this  excreted  ferment.    Alcohol  is 

Pi^ticcd  by  something  contained  within  Ihc  body  of  the  yea-ft  itself 

•*iU  its  production  was  formerly  supposed  to  be  due  to  so-called 

^**l  action.    It  has  now,  I  think,  been  proved  that  alcohol  ie  pro- 

■lUCied  by  the  action  of  a  ferment  which  is  contained  within  the  body 

"^  the  yeftil-cell  and  is  not  excreted  frcrni  it.  so  long  as  the  cell  is 

■"'  aet,  but  only  passes  out  after  the  cells  have  been  crushed  into  frag- 

l^nts.     Whilst  the  cell  is  alive  and  intact  it  absorbs  the  sugar  into 

'^s  interior,  breaks  it  up  there,  find  forms  the  alcohol  which  is 

afterward  excreted. 

To  make  this  clearer  I  may  periiaps  be  allowed  to  use  a  very  crude 
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illustration  and  compare  the  forment  which  is  excrelwi  hy  a  bncil* 
Iu8  or  by  yeast  to  the  ttaliva  which  is  said  to  be  poured  out  by  a  boa- 
coDstrictor  over  its  vi[^tim  to  facilitate  its  ingestioQ.  wliile  the  fer> 
moots  witluo  the  microbe  muy  be  Ukoced  to  those  in  the  Ettouiuch 
and  intestine  oS  the  boa  by  K-hich  it  efTects  the  digestion  of  ita  pray. 

Other  microbes  in  tike  manner  absorb  uutriment  and  may  form 
and  excr«t«  toxins,  tbougli  both  the  nutriment  and  the  toxJus  of 
bacilli  in  general  differ  from  those  of  yeast. 

To  recapitulate  what  I  have  already  said,  we  see  therefore  that 

(1)  Cells  excrete  ferments; 

(2)  They  excrete  poisons  formed  within  their  bodies;  and 

(3)  When  they  are  bn>ken  up  they  may  liberate  other  fermwitJil 
The  ferments  excreted  by  microbes  apparently  prepare  the  sub- 
stance in  or  CD  which  they  are  growing  for  ufsimilution,  und  the 
ferments  within  the  cell-body  decompoM?  it  further  in  the  procetsa  of 
growth.  It  is  probable  that  all  cells,  whether  they  be  wandering 
microbes  or  cells  coordinated  in  nn  organism,  prepare  and  nssimilitte 
their  nutriment  by  means  of  fermentti,  and  Mac-fudyen  and  1  found 
that  not  only  have  bacilli  the  power  of  excreting  ferments,  but 
apparently  they  are  able  to  adapt  the  feniient  which  they  excrete 
to  the  soil  in  which  tliey  are  growing  in  much  the  same  way  as  Paw- 
low  haa  rorentiy  shown  that  the  panoreaa  in  animulK  modifier  the 
ferments  it  forms  according  to  the  food  which  it  is  required  to  digest 

Not  only  is  digestion  carried  on  in  the  stomach  and  intestines  by 
the  ferments  which  are  now  so  well  known  even  to  the  general  public, 
pepsin,  pancreatiu,  etc.,  which  diattolve  the  ingested  focd  eo  that  it  is 
readily  absorbed  into  the  circulation  and  cnrricd  to  ever>-  part  of  the 
body,  but  the  other  cells  which  cumpow;  the  various  parts  of  the  body, 
muscles,  nerves,  and  glands,  probably  carry  on  the  functions  of  their 
life  by  means  of  ferments  also,  By  means  of  these  they  alter  and 
assimilate  the  various  substances  wliich  are  brought  to  them  by  the 
blood  and  juieoH  of  the  body,  and  after  having  supplied  their  own 
wants  they  thntw  into  the  circulation  the  altered  residue  of  their 
pabulum  as  well  as  the  substances  wliich  they  have  themseh-ee  formed 
in  their  proces»iC8  of  growth.  They  probably  rejKiat  in  fact  what  w* 
have  already  Been  tn  occur  with  yeaHt,  which  not  only  alters  the 
sugar  in  wliich  it  grows  by  a  ferment  wliich  it  excretes,  but  also 
produces  carbonic  acid  and  alcohol  by  meuns  of  a  ferment  which 
remains  within  the  yea.<)t-cells  so  long  as  these  arc  intact  and  only 
becomes  liberated  when  these  cells  are  broken  up. 

An  excesttve  quantity  of  their  own  products  is  usually  injurious  to 
cells  and  too  much  alcohol  will  stop  the  growth  of  yeast.  At  the  same 
time  these  products  are  frequently  very  nutritious  for  cells  of  a  differ- 
ent .^ort  and  alculiol  fur:iishe»  a  rnoat  suitable  pabulum  for  the  organ- 
isms which  produce  vinegar.    Vinegar  in  its  turn  is  toxic  to  the  mi- 
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ibe  wbich  produces  it,  but  eorves  again  as  a  soil  far  another  which 
'pvearise  tHia  viMficiusfcrnicnlJilion.  By  UicaucfCBsive  action  of  these 
[crincot«  a  solutioD  of  sugar  may  produce,  Garst,  alcohol,  secondly, 
viD«gar,  and  thirdly,  ropy  mucu«.  Id  thie  particular  iterice  each 
miorabe  produces  u  aulMttuice  iojurious  to  ileolf  but  useful  to  i(H 
Mocwaor.  This  is,  however,  not  always  the  caso  bccuuM;  n  cell  may 
produce  a  aubstance  not  only  iDJurious  to  itself  but  injurioug  to  other 
cell,  and  alcohol  in  large  quantity  aot  only  kills  the  cetU  of  ycuiit  but 
kilk  otber  cells  us  well.  Siuiilar  conditions  occur  within  living  organ- 
isms whore  the  cells  coinposiBg  the  different  parts  are  connectfid 
iQgciher  and  pass  on  the  products  of  their  life  from  one  cell  to  uuother 
by  means  of  the  circulutiou  of  the  blood  and  tissue  juivea.  The  excre- 
tions of  one  part  may  be,  and  indeed  generally  are,  useful  to  other 
pftrtaof  tbcorguniamand  so  long  as  no  part  sins  cither  by  deficiency 
or  excessive  action  the  whole  orguuisni  maintains  a  conditiun  of 
bealth.  But  this  is  not  always  the  case  and  health  may  be  destroyed 
by  (o)  excfjuuvu,  (fr)  dcfectiv'e,  or  (c)  pers-erted  action  of  one  or  more 
of  tbe  parts  composing  the  body. 

But  health  is  even  mope  frequently  destroyed  by  the  invasions  of 
Ofgttuama  from  without.  When  thf^sc  orKaniiiimt  fall  upon  an  open 
vouad  they  tend  to  grow  and  multiply  rapidly,  they  secrete  ferments 
lai  form  poisons  wliich  enable  thcra  to  destroy  the  tissues  upon 
fhich  they  have  fallen,  and  tJion  finding  their  way  into  the  cirirula- 
lina  and  being  carried  to  all  parts  of  the  body  they  kill  the  animal 
tttiich  they  liave  attacked. 

One  of  the  great  problems  of  thernpeulies  then  is  to  discover  how 
Mtttodefvndourisclvcs  against  the  attacks  of  microboe.  lu  Hogarth's 
pieture  we  see  two  methods  by  which  this  is  done.  The  dog  licks  the 
*ound  it  has  received  and  tliu3  removes  from  it  any  pathoKenii: 
O^kiusnu  which  may  ha%-e  lighted  upon  It.  By  ioBUnng  tlieir  abscnco 
it  teiders  the  wound  aseptic,  and  asejms,  which  is  another  word  for 
etceaaive  cleanliness  insuring  the  absence  of  organisms,  is  one  of  the 
Ireat  measures  by  which  the  Iriurnphs  of  tniidern  siirnery  have  been 
Wliieved.  The  treatment  applied  by  the  Good  Samaritan  to  the 
""OUnda  of  the  traveler  is  somewhat  different,  for  he  pours  in  wine 
™  ulcohol  of  which  may  hinder  llic  genninatioii  of  any  microbes  on 
"»  wound  and  thus  prevent  them  from  producing  sepas.  This 
■"tthod,  which  in  the  hand-s  of  Lister  has  revolutionized  surgery, 
"  temied  antUeplic  as  distinguiahed  from  the  aseptic  method  nmd 
t>r  the  dog.  There  is  no  doubt  that  the  aseptic  method  has  got  dis- 
""W  advantages  over  the  anUaeplic  method  us  applied  to  wounds 
WcaUBe  any  substance  which  injures  or  destroys  microbcsi  will  like- 
''» injure  the  living  cells  of  that  part  of  the  body  to  which  it  is 
'Pplied.  For  this  reason  the  aseptic  method  can  only  be  employed 
to  a  very  limited  extent  against  microbes  that  have  already  entered 
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ihe  interior  of  the  body,  although  it  nmy  eametiiuea  be  UMd,  ae  for 
example  in  the  treatment  of  dysentery,  where  rrppat^-d  dow^  of 
saline  purgative  are  now  given  so  as  to  wash  out  from  tlie  inleatinal 
canal  Iho  microbca  which  give  rise  to  the  difleas6,8ndeven  inordinory 
diurrhen,  where  ii  purgati%'e  is  employed  to  get  rid  of  both  the 
microbes  aiid  the  poisons  they  have  formed.  More  commonly,  how- 
e\'or,  we  have  to  depend  on  antiseptic  methods  either  entirely  or  as 
an  udjunrt  to  (isc!i>sis,  and  a  study  of  the  iiction  of  viirious  i-hemical 
ttuhstaiit^es  on  inicrottes  has  led  to  the  introduction  of  a  whole  series 
of  antiseptics  and  indeed  to  their  aetual  synthetic  formation,  the 
problem  to  be  soK-ed  licinR  how  tu  produce  u  body  which  will  de- 
stroy the  microbes  most  efficiently  and  at  the  same  time  will  have 
the  least  injurioui*  action  upon  the  l)ody  of  the  animnl  invaded.  Nor 
is  it  only  inside  tlie  hody  that  the  action  of  antiseptics  is  desired. 
Tho  search  for  preservatives  for  aiitk,  meat,  fish,  vegetables,  and  fruit 
which  shall  l>e  at  the  same  time  effieient  and  innocuous  is  one  con- 
stantly going  on  al  pi'esent.  Asepsis  is  one  of  nature's  methods  of 
defense.  When  irritating  substances  get  into  the  eye  n  flow  of  leary 
oocura  to  wash  them  away,  from  the  nose  and  respiratory  paatjages 
they  are  ejected  by  sneering  or  by  cough,  and  from  the  stomach  nr 
inlestines  they  urc  removed  by  tlio  vomiting  and  purjpnf;  to  which 
they  themselves  give  rise.  Even  in  the  addition  of  preservatives  in 
milk  we  seem  to  be  following  the  example  of  nntnre  because  An<leer 
liBS  found  re-sorcin  in  which  is  an  antiseptic  in  llie  fresh  millt  of  cows. 
As  Mctchnikoflf  has  shown,  another  method  adopted  by  nature  for 
removing  and  destroying  infective  nucrnbes  i.*  to  bring  down  upon 
tliem  a  host  of  wliite  blood  cor|>u3c]ei*,  or  leucocytes,  which  swallow 
up  and  destroy  them.  The  more  leucocrtefi  that  the  organism  ean 
hring  to  bear  upon  the  intruders  Ihe  lietter  chanee  it  has  of  over- 
coming th(?m.  One  problem,  therefore,  in  therapeutics  ia  to  increase 
leucocytnsig.  .At  present  we  hnve  eomparativcly  few  dnigs  that  po.?- 
86SS  this  power,  cinnamate  of  sodium  being  perhaps  the  most  active, 
tut  one  of  the  problems  to  be  solved  is  to  find  other  sub^ances  which 
will  do  this  to  a  greater  extent  than  at  present.  The  microbes  on  t-heir 
part  are  ready  to  attack  the  leucocytes  and  fixed  cells  by  means  of 
toxic  secretions  or  toxins  and  another  of  the  dcfen«vo  met-hanii^ms 
which  the  organism  adopts  in  tn  form  antitoxina,  as  the  antitodes  to 
thejw  toxine  are  generally  termed.  Some  of  these  defensive  bndiej» 
or  alexins  acliially  destroy  the  invsiding  inicrobt'S  thciri5elve!»,  while 
Others  simply  neutralijse  the  poisons  or  toxins  they  have  formed. 
The  natun-  of  .such  defensix-e  substances  hag  been  examined  by 
Ehrlich  to  whom  we  owe  much  of  our  knowledge  concerning  them. 
It  18  very  complicated  and  we  do  not  yet  know  the  precise  mode  of 
production  of  these  antitoxins,  but  it  is  a  curious  f,icl  that  in  many 
plants  we  find  two  poiaons  which  ore  aiitttgoui»tic  in  their  action  and 
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vhicli  Are  to  a  oertiLtn  extent  antidotul  to  one  another.     Thus  in 

jaboraodi  we  have  two  uHcaloidK  one  of  which,  pilocarpine,  Ktim- 

uiatee  secretion  enormously,  wkilst  the  otlier,  jaborine,  paralyses 

McretioR,  so  that  lui   cxtrnct   of    the   juboru.Ddi    plant    containing 

tbein  in  proper  proportion  mJKht  possibly  appear  inai-live  although 

'      It  contaiDed  both  alkaloids  in  considerable  amount.  The  same  is  the 

taw  with  pmsoDous  mi]»farooms  which  coiitjiio  a  puinnoiiou^  alkaloid, 

nusearin,  which  produees  severe  irritation  of  the  inteHtine  and  ah 

^*lropine-Uke  substance  which  ontagoDiies  it.    Opium  likewise  c«a- 

^Pt&iiH  alkalotda  having  very  differeut  actiont<,.'4ome  lieiitg  almost  purely 

P     narL-otic  and  others  purely  convul«ant.    The  auinial  body  seems  to 

'      have  a  wonderful  power  of  accommodating  iti^clf  to  the  aetion  of 

matty  poiaonit  ami  thin  is  very  markeil  indeed  in  the  ca^te  of  opium. 

Uaoy  persons  who  begin  with  a  small  doee  inereaso  this  gradually  to 

U9  niormoui!  extent  tn  that  they  arc  able  tn  take  with  impunity 

many  times  the  ordinary  lethal  dnse.    The  orpanism  has  a  certwn 

power  of  storing  up  antidotal  substances  within  itself  and  l>r.  Cnsh 

*Bd  I  were  able,  by  fccdinK  animals  with  potawh,  to  render  them  leas 

niKOptible  to  the  poisonous  aetion  of  barium,  but  exrept  in  the  case 

of  arsenic  the  organism  seems  to  have  but  Uttle  power  of  beeoming 

•ccustomed  to  inorganic  poiaon«.  It  is  different,  however,  iu  the  case 

of  nganic  poisons  as  shown  by  the  resistance  to  the  action  of  iilcohol 

Required  by  habitual  topem  and  to  morphine  by  hnbitual  apium- 

nlcrs.  A  siniilar  resietance  may  be  acquired  to  snake-venom  and  to 

the  loxitia  produced  by  microbes;  and  here  It  docs  not  seem  to  be 

mwly  that  the  cells  of  the  organism  become  accustomed  to  Ihe 

I  poison,  but  that  the  organism  forms  an  antidote,  not  only  in  mitf\- 
tiwt  quantity  to  neutrnlizc  the  poison  which  is  introduced,  but 
actually  in  such  superabundance  that  serum   eeparattfd  from  the 
Hwdof  an  animal  which  has  become  immune  to  the  action  of  snake- 
'Wom  or  of   toxins  will   neutralize    the    effect   of    the  venom  or 
'wins  in  another  animal.     So  great   is  thia  power  that  Sir  T.  R 
Eraser  has  found  by  inoculating  an  snimal  with  gradually  incrca-sing 
I        doses  that  it  may  at  length  roniplotely  resist  the  aetion  of  fifty  times 
'hft  iirdinar>'  lethal  dose  of  snake-venom,  and  in  an  experiment  of 
"  Cslnictte  I  have  ,wcn  an  animul  which  had  n;pei\-cd  the  serum 
ftOQ  Euoh  an  Immunized  animal  remain  healthy  and  well,  although 
iKMhw  one  which  was  inoculated  at  the  same  time  and  with  the  same 
^-  "W  of  snake-venom  was  dying  from  the  cfTeet  of  the  poison. 
^B     Wlicn  horees  are  inoculated  with  aucceasively  increasing  dosiw 
■^  of  the  toxin  of  diphtheria,  their  blood  acf^uires  a  high  antitoxic 
F***r,  and  the  use  of  the  serum  of  such  blood  injected  into  patients 
""Ifcring  from  diphtheria  has  robbed  this  disease  to  a  great  extent 
<rfilB awful  powpr.    Hydrophobia  i«  anothpr  dispase  which  has  been 
10  4  great  extent  deprived  of  its  terrors  by  Pasteur's  method  of 
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treatment.  This  differs  in  its  pka  from  that  used  in  diplitbena. 
In  diphtheria  the  bacilli  probably  form  a  ferment  which  produces 
n  deadly  poisoD  by  exercisiog  He  digestive  powers  on  the  materiul 
it  fijidfi  iu  the  body.  This  poison  is  neutralixed  by  the  antidotal 
Berum  which  ia  formed  in  a  horse  and  is  injected  into  the  putiunt. 
In  hydrophobia  we  ha\-e  not  been,  able  to  isolate  the  virus,  but 
from  it'9  mode  of  action  we  suppose  it  to  be  a  minute  organism.  This 
viruB  titUos  a  long  timo  to  act  in  man,  sooictinios  three  wucks  but 
usually  nix  week.^,  but  when  cultivated  successively  in  rabbits  it 
becomes  very  virulent  indeed  and  acts  much  more  quickly.  It 
appArently  linds  its  chief  nidus  in  thu  spinal  cord.  When  the  cord 
is  exposed  lo  air  the  virus  gradually  bocomeB  weakened  and  by 
injecting  witli  an  extract  of  very  weak  cord  on  the  first  day  and 
with  a  stronger  extract  on  each  succeeding  day  the  Iium&n  body 
becomes  aecuetomed  to  the  virus  and  forms  its  own  antitoxin*. 
Thus  by  the  time  that  the  poison  inoculated  by  the  oiiginnl  bite 
of  the  rabid  animal  has  time  to  develop  Us  action  the  person  has 
become  immune. 

One  of  Ihe  most  important  problems  of  therapeutics,  therefore, 
is  to  render  the  human  body  immune  againfit  pathogenic  microbes, 
against  the  fcrmonls  they  form,  and  the  toxins  thoy  produce.  The 
two  cxfluiplfti  I  JiJive  already  ^ven  show  how  the  toxins  and  pos- 
sibly the  ferments  may  be  rendered  innocuous  by  iDJecting  anti- 
dotal siern  and  thus  producing  what  is  called  "passive  immunity," 
or  by  exciting  the  body  to  form  antidotal  eulMtanccs  itBeH  and 
thus  produce  what  is  called  "active  immunily."  Doth  these  meth- 
ods have  Ixwn  used,  and  are  being  used,  in  regard  to  other  iliaeaaes, 
especially  in  those  produced  by  micrococci  of  various  sorts  which 
give  ri»c  to  suppuration  and  iaflammations.  One  great  difficulty 
in  the  way,  however,  is  that  the  antidotal  eenim  produced  by  one 
coccus  is  not  always  efficient  against  the  disease  produced  by 
another,  and  su  much  is  this  the  case  that  it  would  almost  eeem 
OS  if  an  antidotal  serum  would  require  to  be  made  for  each  par- 
ticular pjitient.  Nor  are  the  sera  altogether  innocuous  themselves 
becautte  their  injet^tion  may  be  followed  not  only  by  annoying 
raahes  on  the  ekin  but  by  general  swelling  of  the  body  like  that 
from  advanced  kidney  diseativ,  or  by  painful  swelling  of  the  joints 
almost  like  rheumatic  fever.  Another  of  the  ])robl«ms  of  Dierapeu- 
tics  therefore  is  to  obtain  anticoccic  sera  which  will  not  produce 
any  unpleasant  or  dangerous  symptoms. 

Yet  another  ie  to  confer  on  the  tissues  of  the  body  the  power  of 
reasting  or  destroying  rmcmbes,  their  ferments,  and  their  toxins, 
and  thus  protecting  themselves  or  iu  other  words  acquiring  imnmnity 
against  the  diseoseH  which  the  microbes  would  produce.  In  consider 
lag  this  question  it  may  help  us  if  we  remember  that  the  products 
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of  our  ovm  digestion  are  poisODOUs  and  if  the  albumoses  aod  pep- 
tones formed  by  thu  digestion  of  k  b<,-ef-sto&k  id  ttiv  slonitLuh  w«re 
iajected  directly  into  a  man's  veins  they  would  kill  him,  whereaa, 
vrhPD  changed  by  the  cells  of  the  intestine  and  liver  in  the  proceas 
of  absorption,  lliey  nourish  and  strengtlien  him. 

The  complexity  of  toxins  und  antitoxins  ia  easily  undoretood 
when  ve  consider  that  they  are  probably  all  formed  by  the  split- 
ting-up  of  albuminous  moleriilf-ei  an<l  thuR  vary  etinrmously  ju.ii  as 
the  splinters  of  &  broken  gl&sa  va.r>'  in  size,  shape,  and  in  power 
to  puDCture  or  cut. 

In  my  address  at  Moscow,  in  1S07,  t  ventured  to  formulate  the 
idea  thAt  immunity,  natural  or  acquired,  is  nothing  more  than 
extension  to  the  cdle  of  the  tlssueH  generally  of  a  power  which 
is  constantly  exercised  during  digestion  by  those  of  the  intestine 
and  liver.  When  microbes  wore  just  beginning  to  be  recognined 
u  the  cause  of  infective  disease,  too  much  importance  was  attached 
(o  Ihe  mechanical  effects  which  they  might  produce  in  the  klood- 

SVH»el.i  and  tissues.  As  their  mode  of  action  became  better  known, 
this  vifv  was  to  a  great  extent  ^\en  up,  but  though  the  small 
vettrtttble  microbes,  bitcilli  and  cocci,  ha\*e  Uttlc  injurious  mechanical 
ibttion,  this  is  not  the  case  with  some  minute  organisnu)  belonging 
to  tlie  animal  kingdom,  and  such  organisms  of  tate  years  have  be- 
wme  more  and  more  recognized  as  causeti  of  dieciises.  In  clephant- 
itat  the  lymph  channels  become  blocked  by  the  ova  of  a  small 
WDTm  which  inhabits  the  blood  and  thus  the  enormous  swelling 
duracteristic  of  the  discaw  is  produced.  Within  the  last  few  years 
thu  dreadful  scourge  of  tropical  countries,  malaria,  has  been  dis- 
wtred  to  be  due  to  an  animal  parasite,  and  Manson  and  Ross 
Ww  aliown  that  the  source  of  infection  is  the  mosquito,  By  dc- 
troying  mosquitoes  or  preventing  their  multiplipation  the  dis- 
(Me  can  be  to  a  great  extent  prevented,  but  we  are  still  dependent 
upoQ  bark,  quinine,  and  arsenic  as  remedies  to  destroy  the  para* 
■t*  md  cure  the  disease.  These-  are  not  invariably  successful  and 
"«  are  still  in  want  of  medicines  whinh  shall  infallibly  destroy  the 
psrwite.  The  same  is  the  case  with  other  maladies  where  the  in- 
'wi-ve  microbe  is  of  animal  origin,  as  in  sleeping-sickness,  which  is 
10* attributed  to  a  minute  worm  in  the  blood,  or  of  vegetable  origin 

I«  in  ulcerative  endocarditis,  or  of  uncertain  origin  as  in  yellow  fever. 
But  all  these  dii<ea»es  excite  much  let<.s  attention  than  that 
•hich  is  perhaps  more  dreaded  than  any  other  in  temperate 
clutintee,  namely,  cancer.  Wc  do  not  as  yet  know  the  pathology  of 
^  diseaae.  It  han  been  shown  that  in  it  the  cells  of  the  affected 
put  multiply  and  grow  in  a  different  manner  from  that  of  ordin- 
**?  tissues.  They  assume  a  reproductive  type  and  grow  inde- 
pendently of  the  tissues  of  the  body  in  which  they  are  situated. 
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Wc  know  th«t  ijortions  of  curcinorntttuu^  growths  mjiy  be  carried 
by  ihe  bluud-Hlream  from  one  part  of  the  budy  to  luiuther  where 
they  may  act  ae  new  fori,  but  that  they  can  only  be  transplanted  with 
difficulty  if  al  nil  fniiii  one  imimul  tu  luiother.  Thiut  it  is  cvidcat 
that  though  tbojr  reproductive  power  is  great  their  \'itality  is  feeble. 
Therefore  what  one  may  hope  for  ia,  that  though  all  the  dnigs 
hitherto  tried  have  been  powerless  to  preveut  ilie  life  and  growth 
of  such  tumors,  yet  somcilunK  may  yet  be  found  which  will  attack 
and  destroy  them  and  nevertheless  leave  uninjured  the  healthy 
ti^HUen  by  which  they  are  surrounded.  Lupus  and  rodent  ulcer 
situated  on  the  surface  of  the  body  have  been  successfully  treated 
by  the  X-riiys  and  ultra  violet  rays.  Tlicac  have  little  cifcrt  on 
deep-seated  cancer.  My  friend,  Sir  William  Ramsay,  thinks,  how- 
ever, that  the  emanations  from  radium,  which  are  to  a  ccrtJun  extent 
soluble  in  water,  might  be  administered  with  a  view  of  destroying 
internal  cancer,  more  cBpocially  as  he  haa  already  found  that  they 
seem  to  have  no  injurious  action  when  given  to  healthy  animals. 
In  the  ease  of  cancer  it  ia  certain  that  groups  of  cells  take  on  a  Ufe 
of  their  ova,  and  live  indf^ptndcntiy  of  the  wants  of  the  organism 
as  a  whole.  In  some  other  diseases  we  find  that  entire  organs 
become  too  active  and  thus  injure  the  health  of  the  whole  body. 
One  of  the  best  examples  of  this  is  the  thyroid  gland  which,  when 
hypertrophied,  produces,  through  the  secretion  which  it  poum  into 
the  blood,  a  curious  set  of  nervous  symptoms,  dilatation  of  the 
vessels,  pnlpitutiun  of  the  he^rt,  tremor,  restlessness,  exciteiiicnt, 
and  rise  of  temperature.  In  the  disease  known  as  Graves's  Disease 
these  symptoms  exist  and  may  possibly  be  aggravated  by  the  condi- 
tion of  the  nervous  system  which  causes  the  charucleri»tic  protruaoo 
of  the  eyeballs  and  may  even  be  the  cause  of  the  swelling  of  the 
thyroid  itself.  I}ut  that  most  of  the  symptoms  are  really  due  to  the 
action  of  the  thyroid  secretion  is  shown  by  the  fact  that  they  may  all 
be  observed  after  excessive  administration  of  dried  thyroid  gland. 

Here  we  haw  a  toxin  formed  within  the  body  by  the  over-action 
of  one  of  its  parte  and  at  present  we  have  no  satisfactory  antitoxin 
by  which  we  can  remove  the  symptoms,  although  supra-renal  gland 
has  an  action  somewhat  antagonistic  to  that  of  the  thyroid,  and  this 
f:land  or  its  extract  when  admiaistercd  internally  in  cases  of  exoph- 
thalmic  goitre  sometimes  appears  to  be  beneficial.  The  case  is  very 
different,  however.when,  instead  of  being  excessive,  the  action  of  the 
thyroid  is  deficient.  When  this  occurs  in  adults  the  ciKuIation 
becomes  poor,  the  akin  cold,  the  movements  of  the  body  and  the 
action  of  the  mind  slow,  the  aspect  becomes  dull  and  heavy,  and  the 
features  puffy  and  swollen.  When  thyroid  gland  or  its  extract  is 
given.,  all  these  symptoms  disappear  and  the  patient  becomes  healthy 
for  the  time  and  usually  remains  so  as  long  as  the  administration  is 
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trontuiued.  When  deficiency  of  the  thyroid  occura  ia  childbood, 
the  effect  of  tTx^4lt^lODt  i:;  still  more  mnnjfcst.  for  the  child  thus 
ftfTected  ben-omes  sluated  buth  in  body  and  mind,  is  duarfitsh,  feeble, 
and  idiotic.  Under  the  admiiiietration  of  thyroid  it  grows  rapidly 
nnd  bdromce  etrong  and  intelligent  «ii<l  indeed  (te%'etopjs  into  a  per- 
fectly normal  person.  The  eure  effected  by  thyroid  in  Bueh  cretins 
is  one  of  the  moat  marvelous  achievements  of  therapeutics  and  many 
ultempts  have  I)eeii  made  with  portions  of  other  organs  or  extracts 
_oJ  them  to  supply  material  which  is  supposed  to  be  absent  in  vari- 
difleases. 

The  Rnt  instance  of  thin  method  of  treatment,  or  opalkcrajry,  as 
it  is  called,  was,  I  believe,  my  employment  of  raw  menl  thirty  years 
ago  to  supply  the  body  with  a  ferment  to  use  up  eugur  in  diabetes.' 
Tlje  method  wa«  reintroduced   by  Brown-Sequard  with  more  suc- 
eees,  luit  it  was  not  until  the  use  of  thyroid  glatid  and  iH  extract 
that  the  potentialities  of  the  method  bctranie  ut;knowlcdgcd.     It 
is  more  than  eighteen  hundred  years  since  the  question  was  asked 
"Who  can  add  a  cubit  to  his  stature?"  and  all  this  time  we  have 
remained  ignorant  of  any  plan  by  which  we  could  Jidd  a  single  inch 
to  a  child's  stature.    Yet  it  now  seems  possible  that  by  the  use  of 
thyroid  gland  and  pitnitarj-  body,  children,  who  would  he  other- 
wise stunted,  may  grow  not  only  to  tlieuormal  size  but  even  above  it. 
So  long,  however,  as  we  do  not  know  the  chomical  nature  of  the 
nilwtences  which  exercise  such  an  extraordinary  effect  upon  tissue 
diange  we  shall  not  be  able  to  deal  with  them  so  satisfactorily  as  we 
«n  now,  in  a  way  that  was  formerly  impotwihic.  regulate  the  tem- 
perature in  fever.    The  clinical  themiometer  not  only  shows  us  the 
extent  to  which  fever  is  prceent,  but  it  enables  us  tn  stop  the  appli- 
cation of  our  rcmcdieii  in  time  so  as  not  to  reduce  the  temperatun? 
ta  loo  Rreat  an  extent.    Cold  water,  ice,  and  diaphoretics  were  for- 
■"erly  the  only  antipyretic  remedies,  next  salicin  and  quinine  were 
"Produced,   then   salicylic    acid  was    made   synthetically,  and    be- 
">?  eheap  vtss  used  extensively,  and  within  the  last  thirty  years 
■tt  increajted  knowledge  of  chemical  methods  and  of  the  rclation- 
™iip  between  chemical   constitution   and   phywolofpcal  action   has 
■tabled  nunieroiia  8>Tithctic  products  to  be  formed,  Bome  of  which 
''Miy  be  more  useful  in  certain  caeca  tban  the  original  salicylate 
of  soda. 

A  great  many  of  these  substances  primarily  intended  to  reduce 
•be  temperature  have  turned  out  to  have  a  still  more  important 
•ction,  namely,  the  relief  of  pain.  There  is  no  doubt  that  pain  is 
UBeful  as  a  warning  &g&.inst  conditions  which  tend  to  destroy  the 
«|anism  and  leads  ua  to  shun  or  remove  these  conditions  to  the 
pnt  advantage  of  our  health,  but  it  is  not  ain-ays  possible  to  do 

'  Britieh  Medical  Jimmal.  1873. 
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this  tui<l  pain  per  se  is  one  of  the  greatest  evild  that  poor  humanity 
has  to  bear.  The  introduction  of  aotigeptics  has  completely  re- 
volutioniied  the  art  of  surgery  bccuunc  it  allowit  ojieriLtioas  to  be 
done  with  almost  certain  success  which  would  in  former  days  have 
almost  inevitably  proved  fatal  from  unconscious  contaminalion 
of  the  wound  by  discftse-genus,  But  tlie  greatest  triumph!)  of  sur- 
gery have  only  been  rendered  possible  by  the  discovery-  of  anes- 
thetics. Previous  to  the  work  of  Long,  Jackson,  Wella,  Warren, 
and  Simpson  rapidity  of  operation  was  ever>'tiung,  and  careful 
but  long-continued  manipulatiun  was  impossible  because  the  long- 
continued  pain  of  the  operation  would  inevitably  have  killed  the 
pWient.  Kven  the  minor  pains  of  neuralgia,  neuritis,  and  head- 
ache, though  not  danjK:crou8  to  life,  ore  most  distressing  to  the  siif- 
fcrer.  Formerly  there  was  almost  no  drug  to  relieve  the»e  except- 
ing opium,  while  now  we  have  phenacetin,  antipyrin.  phenalgin, 
and  a  host  of  others,  and  chemists  are  daily  at  work  preparing  new 
and  perhaps  even  better  pain-killers. 

Hardly,  if  at  ail,  Ie.i8  distressing  than  pain  \9  Hleepleesnea?,  &nd 
here  a^ain  our  powers  of  helping  the  patient  have  been  enormouisjy 
increased  of  late  years.  When  I  was  a  student  almost  the  ordy 
hypnotics  used  were  opium,  henbane,  and  Indian  hemp.  The  latter 
two  were  very  uneatisfaotorj-  and  praclically  one  pinned  one's  faith 
on  opium  which  had  to  be  combined  with  t-artar  emetic  in  cases  of 
fever.  Then  came  the  introduction  by  Liebreieh  of  chloral,  which 
was  not  only  a  great  boon  in  itself  but  marked  an.  epoch  as  one  of 
the  first  instances  of  rational  therapeutics,  the  application  of  a 
certain  drug  in  diseaKO  because  of  its  pharmacoloKical  action.  Now 
we  have  any  number  of  hypnotics,  some  of  which  are  useful  be- 
cause they  net  on  the  nervous  system  itself  and  produce  Kicep  with- 
out depresang  the  heart  and  can  thus  be  given  where  the  circula- 
tion is  already  weak,  while  others,  like  chloral,  not  only  act  on  the 
cerebrum  but.  lessen  the  force  of  the  circulation,  and  by  thus  di- 
minishing the  flow  of  blood  through  the  brain  assist  it  to  rest  and 
aid  the  onset  of  sleep.  Formerly  when  the  circulation  was  too 
active  the  chief  depressants  were  mercurial  and  other  powerful 
purgative  medicines,  bleeding,  tartar  emetic,  vegetarian  diot,  or 
partial  starvation.  Although  these  means  may  still  be  employed  with 
advantage  in  proper  cases,  yet  wc  have  in  addition  a  new  aet  of 
remodie-8,  viz'.,  vaso-dilators,  including  nitrites,  lutrates,  and  pos- 
sibly a  good  many  eubstanceB  which  dilate  ihe  veaeelii  and  lower 
the  tenmon  in  the  arteries,  a  tension  which  may  be  dangerous  on 
the  one  fude  to  an  enfeebled  heart  and  on  the  other  to  an  athero- 
matous artery  in  the  brain. 

When  the  heart  \&  failing  we  ha\'e  a  series  of  cardiac  tonics  and 
stimulants.    Foremobt  amongst  these,  perhaps,  may  be  put  strj-ch- 
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lune.  the  action  of  wliich  on  the  heart  was  practically  unknown  whcii 
I  was  a  student,  and  perhaps  now  it  is  hardly  Bufficiently  recog- 
nixed.  At  the  time  of  whioh  I  Bpeak,  digitnlis  was  looked  upon  as 
K  cardiac  depre:»ant.  and  almost  the  only  cardiac  stimulant  that 
waa  knowQ  was  iilcohol.  Now  digitatiG,  strophiinthus,  and  a  num- 
ber of  others  an*  regularly  used  ii«  cardiac  tonics,  and  their  power 
t«f  contrac'tiiig  the  vessels  is  also  sometitnes  useful  in  removing 
dropsy.  When  this  action  is  likvly  to  be  harmful  lo  a  nx'iik  heart, 
it  may  be  koaened  by  the  sinmltaneous  adminUt ration  of  vascular 
dilators.  We  still,  however,  waut  drugs  which  will  act  only  on  the 
hcnn,  or  only  on  the  voswels.  \Vc  require  medicines  which  will 
diminish  the  cardiac  action  and  dilate  the  vessels  for  use  in  high 
tension,  such  as  w)  often  occurs  in  gont,  and  we  need  drugs  which  nill 
make  the  heart  l>eftt  more  forcibly  while  they  cause  the  vessels  to 
eoDtract  and  raise  the  tension  in  cases  of  debility. 

But  prcvf?ntion  ia  better  than  cure,  and  if  by  modifying  tisnue- 
rhange  M-e  can  ob^nate  the  high  tension  and  hypertroiihy  of  the 
henit  whieh  eo  frequently  lead  to  apoplexy,  or  the  atheromatoua 
(onditioo  of  tlic  vcsm'la  whieh  Icuibi  to  jsirnik-  degeneration  of  the 
linin  or  premature  old  age,  we  shall  lessen  the  necessity  for  either 
ardiac  tonics*  or  viiscular  diiiitors,  Sonte  authorities  claim  that 
they  can  do  thj^  by  vegetRrian  diet,  limited  in  quantity  as  well  as 
in  quality,  while  others  would  treat  it  by  a  diet  almost  entirely  of 
iM»t  with  Ul>en»l  potntions  of  hot  water.  The  subject  of  diet  is  one 
regarding  which  the  most  contradictory  opinions  prevail  and  there 
i>a  iud  want  of  precise  knowledge  upon  which  to  base  dietetic  rules. 
We  may  hope,  however,  that  tiie  investigation  (it  present  being  cori- 
dtified  by  [*rofessor  Atwater  under  the  United  States  Government, 
combined  with  Ihiit  which  is  being  carried  on  under  the  auspices  of 
'he  Carnpgie  Tntrfees,  will  furnish  the  information  we  need. 

Time  will  not  allow  me  to  do  more  than  mention  aerotherapeu- 

tiefi.  balneotherapeutics,  and  hydjx)theru)w:ulica;  the  rc«t-curc  wliich 

W  asmciated  with  the  name  of  one  of  Ameriea's  most  brilliant  and 

^rsatile  sons.  Weir  Mitchell;    mnssnge  and  movements  which  Ling 

**»<!  bis  pupils,  both  in  Sweden  and  elsewhere,  have  done  so  much 

'o   elaborate  and   which   when   rightly  used  may  bo  so  bcne6cinl 

•id  wrongly  used  so  haniiful.    For  all  these  branches  nf  therapeu- 

_1icb  we  require  a  more  exact  knowledge  of  their  action  and  the 

^^l^lles  for  employing  them,  so  that  even  those  who  have  made  no 

special  study  of  them  may  employ  them  rightly  In  all  diseases  in 

*hjch  they  may  be  of  Her\ice. 

Another  method  of  cure  confint  sin  eliminating  waste  pniductafrom 
'be  body  by  rendering  them  more  soluble  and  while  limiting  the  water 
•Irunk  would  give  lithJa.  piperaaine,  piperidine.  and  other  siihstancea 
^ich  increase  the  sohibiltly  of  uric  acid.     Before  ihent[>cutics  can 
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make  much  advance  in  this  tiirection  we  must  know  more  about  the 
pathology  of  gout  and  lissue-iiietabolism  generally,  Rnd  we  may  theD 
hope  that  not  only  will  people  l>c  more  free  from  the  nmuUold  8yni[>- 
toms  that  gout  produces,  but  will  live  longer  and  the  time  of  their 
activity,  budily  and  mental,  will  continue  ntmrly  aiilongas  life  itself. 
The  power  of  incrensiitg  elimiiiatjon  of  nitrogenous  waste  which  urea 
possesecs  in  a  marked  degree  is  shared  by  other  substanccK  belong- 
ing to  the  go-called  purin  group  and  day  by  day  freiih  bodies  be- 
longing to  tbia  cbemical  group  are  being  made  ^^nthetically.  Some 
of  the  new  oavi^  ecom  to  havu  u  greater  power  of  eliminaiing  witste 
than  any  we  have  hitherto  had.  The  observations  uf  Richardson, 
that  alcohols  vary  in  their  ttclion  according  to  their  chemical  com- 
puidtiuD,  and  of  Crum,  Brown,  and  Frasc^r,  that  alterntiori  in  eliemical 
constitution  brings  about  a  change  in  phyeiological  action,  are  now 
beginning  to  bear  rich  fruit,  and  the  synthetic  preparation  of  rotiio- 
dies  having  different  pharmacological  properties  along  with  our  in- 
creaaiig  knowledge  of  pathology  gives  us  much  hope  for  the  future 
of  therapeutics.  More  than  two  hundred  years  ago,  Locke  said  : 
"Did  we  know  the  [mechaninfll]  affect  ions  of  rhubarb,  hemlock, 
opium,  and  a  man  as  a  watchmaker  does  those  of  a  watch,  whereby  it 
pCTforms  its  operations,  and  of  a  file  which  by  rubbing  on  them  will 
alter  the  figure  of  any  of  the  wheeln,  we  ehoutd  be  able  to  tell  before- 
band that  rhubarb  will  purge,  hemlock  kill,  nnd  opium  make  a  mau 
Bleep."  One  of  the  great  problems  of  therapeutics  is  not  only  to  know 
(a)  what  drugs  to  use  in  order  to  obtain  certain  effects,  but  to  know 
(fr)  how  to  make  such  drugs  if  we  have  not  got  them  at  hand.  The 
struggle  for  existence  docs  not  occur  only  between  man  and  beast, 
man  and  man,  or  nution  and  nation,  nor  even  between  individual 
beasts  or  plant-f^.  It  taken  place  also  between  cell  and  cell ,  not  only 
between  those  cells  which  we  term  microbes  and  the  cells  which 
form  the  human  body,  but  even  between  those  which  form  the  dif- 
ferent parts  of  the  body  itself. 

The  great  object  of  this  Congress  is  to  unify  knowledge,  to  render 
evident  the  simlianty  of  the  laws  which  govern  phcnomoiin  of  the 
most  diverse  character,  and  it  ie  therefore  interesting  to  find  that 
the  grand  prnblem  uf  therapeutics  is  for  the  cell  what  those  of 
religion  and  sociology  are  for  the  man,  vis.,  to  learn  how  to  regulate 
the  environment  of  each  cell  or  man  in  such  a  manner  that  the 
individual  shall  not  work  for  his  or  its  own  good  aJcinc,  but  for  that  of 
others  as  well,  and  how  to  restrain  or  destroy  those  which  are  noxiou4- 
When  we  nre  nble  to  regulat*  cell-life  by  food,  air,  water,  exercise, 
inoculations,  or  nicdicinea,  wo  shall  be  able  to  relie\-e  or  remove 
weakness,  pain,  or  distress,  not  only  from  the  bodies  but  also  from 
the  mind«  of  our  patients,  to  maintain  health,  increase  strength,  and 
prolong  life  to  an  extent  of  which  at  preaenl  we  can  hardly  dream. 
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Db.  Rxm  Httnt,  Fhannacologist  of  the  United  Btatea  Public  He&lth  &nd 
SUine  Hospital  Service,  presented  a  paper  to  this  Sectios  on  "The  RelaUon 
of  Acute  and  Cbionic  Alcoholiam  to  some  other  Forms  of  Poisoning." 
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[Thomu  CliflOrd  Allbatt,  RcgJua  Pioffeeot  of  Physic,  Cambrtdee.  Koglaad.  b. 
Ofwoburv.  Krutland.  IS38.  MA,.  M.D..  Cdinbridge;  (Hon.)  DSc,  Oxford; 
lann.)  M.U.  Oiihlin;  (Hon.)  D.Sc-  Victoria;  (Hon.)  i-LU,  tJiu.igow;  K.  R.  C.  P- 
Loiidon;  (Hon.)  F.  R,  C.  I'.  Iri-lftiwl.  FhyMciiin,  I.e*dB,  Knglond,  Opneral 
Infinnaiy,  lSfl5-S5;  Conmilting  Physiciuu.  nbo,  to  the  Belftrave  HubpiUd  (or 
C)ijIiinD,  Luudou;  CoiuiuiBeionLT  in  Limncy,  ISgSVBS;  Physii-iHci  lo  the 
Uilenbrook^'s  llo§p1ta],  Ciinbridgt-j  Fellow  of  the  Royal  Society;  Fellow 
of  ihe  LinDCAii  Society  of  London;  Fellow  of  the  Society  of  Antiquttricn,  Lon* 
Jon;  Honr-rsiT  Mcnil»r  of  the  New  York  Academy  of  Medicinco.  AuUior  of 
iraiiv  nifdical  work*;  Scirrtct  aitd  Mtdirval  Ttunight;  IJinlarifal  Hftatitimol 
.UtdiniM  and  Surffury.) 

ItwM,  I  think,  in  tho  year  1SG4,  when  I  was  a  novice  on  the 
honorary  staff  of  the  Leeds  Oenpral  Infirmftrj*,  that  the  unaurgical 
ilivition  of  u»  vrae  summoned  in  great  solemnity  to  discuss  a  method 
(if&dminiMnttion  of  drugs  by  means  of  a  needle.  This  method  having 
obtained  some  vogue,  it  behoved  those  who  practiced  "pure"  medi- 
cine to  decide  whether  this  operation  were  consistent  wiith  the 
ti&ditions  of  purity.  For  my  part,  I  answered  that  the  method  had 
wme  up  early,  if  not  oripnally  in  St.  George's  Hoapilal,  and  in  the 
Wd*  of  a  house  physician.  Dr.  C.  Hunter;  that  I  had  accustomed 
Wyself  already  to  the  practice,  and  proposed  to  eontinue  it;  more- 
•iwr,  that  I  had  recently  come  from  the  classes  of  Professor  Trous- 
*«u,  who,  when  hi«  casea  demanded  such  treatment,  did  not  hesi- 
l*te  himself  to  perform  paracentesis  of  the  pleura,  or  even  inciaton 
"'  this  eae  or  of  the  pericardium.  As  for  lack,  not  of  will,  but  of  skill 
"dner^-e,  I  did  not  intend  myself  to  perform  even  minor  operations, 
liy  heresy,  as  one  traitorous  in  thought  only,  was  indulgently  ignored; 
Wd  wc  were  set  free  to  manipulate  the  drug  needle,  if  we  felt  dis- 
P^d  10  this  humble  Hcrvicc.  About  this  time  certain  Fellows  of  the 
l^ndon  College  of  Physirians.  concerned  with  the  diseases  of  women, 
bad  been  making  little  operations  about  the  uterus,  and  meeting 
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with  but  slight  rebuke,  they  rode  on  the  tid«  of  science  and  circum- 
Htftncc,  encroaching  farlliftr  liiid  farther,  until  they  were  discovered 
in  the  act  of  laparotomy ;  aiid  rather  in  defiance  than  by  conversion 
of  the  prevailing  ecntimcnt  nithin  thoso  walls,  they  went  od  doing  it. 

Meimwhile  the  surgeons,  emholclened  by  great  events  in  their 
mystery,  wrought  much  evil  to  the  "pure"  physicians;  accUBing 
them  with  asperity  of  diivvdlin^  with  cases  of  ileus  and  the  tike  until 
the  opportunity  of  efficient  treatment  had  paiwed  away:  nay,  audn- 
dous  murmurs  were  heard  thai  such  "abdominal  cases"  should  be 
admitted  into  imrgicul  wurds  from  the  lirst.  Then,  by  dcxteroun 
cures,  growing  bolder  and  l>older.  the  surgeons  went  so  far  aa  to  make 
a  Uke  demand  for  cases  of  tuberculous  peritonitis,  of  empyema,  and 
even  of  cerebral  tuuior.  As  tlius  (he  aurgeana  laid  hands  on  organ 
after  organ  wliich  hitherto  had  been  sacred  to  "  pure  "  medicine,  an<l 
as  indeed  the  achievements  nf  surgery  became  more  and  more  glo- 
rious, not  only  the  man  in  the  elreet  but  the  man  of  the  Hospital 
Committee  bJbo  begun  to  tattle  about  the  progress  of  surgery  and  the 
diminution  of  medicine,  until  it  was  only  by  the  natural  sweetne'is  of 
our  tempers  that  the  surgeon  and  the  inner  medicincr  kept  friends. 
At  a  dinner  given  on  June  30  last  to  Mr.  Chamberlain,  in  recognition 
of  his  great  Bervioes  to  tropieal  medicine,  this  vignroua  statesman 
eaid.  "I  have  often  heard  that  while  surgery  has  made  gigantic  pro- 
gress during  the  last  generation,  niedicnl  science  has  not  iidvanred 
in  equal  proportion; "  then,  wliile  modeslly  diselairiiing  Ibe  know- 
ledge to  "distinguish  between  the  r<^Bp<ictive  claims  erf  these  two 
great  professions,"  he  generously  testified  that  "medical  research 
E88isted  by  surgical  scioncc  has  thrown  a  flood  of  light  on  (he  origin 
of  diseafie,  and  that  this  at  any  rate  Ib  the  first  step  to  the  cure  of 
diseatte."  Now  Mr.  Chamberlain  is  the  first  of  English  statesmen  to 
ally  himself  actively  with  our  profession;  the  fir^t  with  ima^oatiou 
enough  to  apprehend  the  great  part  which  nu'dJcal  science  'is  paying 
in  the  world  already,  and  torealJae  that  only  by  medicine  can  vast  sur- 
faces of  the  earth  be  made  habitable  by  white  men,  and  those  "great 
assets  of  civilisation,"  the  officers  of  our  colonics,  be  saved  alive.  It 
Beema  to  me.  then,  that  the  present  is  a  critical  moment  in  the  rela- 
tions of  medicine  and  .surgery,  especially  in  England,  where  the  two 
branches  of  the  art  have  been  separated  so  radically  as  to  appear  to 
be  "two  professions;  "  a  moment  when  It  is  our  duty  to  contemplate 
the  unity  of  medicine,  to  forecast  its  development  as  a  connected 
whole,  and  to  conceive  a  rational  ideal  of  its  means  and  ends.  But 
this  large  and  j)ro]>hetic  ^'iaion  of  medicine  wo  cannot  atluin  without 
a  thoughtful  study  of  its  past. 

If,  as  from  a  height,  we  contemplate  the  story  of  the  world,  not  ita 
pageants,  for  in  their  splendor  our  eyes  arc  dim,  but  the  giithering, 
propagation,  and  ordination  of  its  farces,  whence  they  sprang,  and 
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Imw  they  blend  this  way  and  that  to  build  the  ideae  and  institutions 
of  nwa,  we  may  wonder  a(  lh«ir  creative  activity,  or  weep  over  the 
errCHS  and  the  failurei^,  the  opuliiitian  and  the  decay,  which  have 
marred  or  thwarted  them;  and  if  w«  oontemplate  not  the  whole  hut 
some  part  of  men's  sowing  und  men's  harvest,  such  a  part  as  medi- 
cine, the  keener  is  our  fsurrow  and  dituippuintment ,  or  our  joy  and  our 
hope,  as  we  admire  the  great  ends  we  have  gained  or  dwell  upon  the 
loos  aod  euffuring  which  hitvc  ditrkcncd  the  way.  "In  the  develnp- 
ment  of  medicine,"  said  Heluihollz,  "there  hae  a  great  lesson  on  the 
true  princii^es  of  scientific  progress." 

Pray  do  not  fear,  however,  that  to  fuliill  the  meaning  of  the  title 
of  this  address,  I  eball  deaoribe  to  you  the  liiBtory  of  medicine  and  the 
history  of  surgery,  and  on  this  double  line  compare  and  combine  my 
rcfiearches;  in  the  time  allotted  to  me  no  such  survey  is  pussible. 
In  the  scvenlcenth  eonlury  the  handicrafta  of  anatomy,  chemirtry, 
and  phyHiology  so  penetrated  medicine  that  the  9eparat«  influence  of 
surgery  is  less  easily  discernible.  My  j>iirpo9e,  therefore,  \»  to  pass  in 
review  certain  eminent  features  of  the  history  of  these  department? of 
knowledge  up  to  tlie  end  of  the  sixteenth  century,  and  to  compare 
them  with  a  \iew  to  edification ;  your  fear  will  l>e  ratiier  t  hat  I  may 
tdl  my  story  with  the  unrighteoUBnesB  of  a  man  with  a  moral. 

In  his  address  on  "Morgueni,"  atRome,  in  1&94,  Virchow.said  that 
medicine  is  remarkable  in  its  unbroken  development  for  twenty -five 
teaturiea;  as  we  may  sny,  without  irrcTCrence.  from  Hippooratca  to 
Virchow  himaelf.  Tlie  great  puthoIogiRt's  opinion,  however,  seems 
t«De«d  so-crc  qualification;  if  it  be  so,  the  stream  has  more  than  once 
floved  long  underground.  The  discontinuity  of  mcdieinc  from  Egypt 
loCrotOQaand  Ionia  is  scarcely  greater  than  from  Galen  lo  Avieennn; 
dttring  which  ]>enucl,  in  epitc  of  a  few  eminent  teachers  in  the 
Byiantine  Empire,  it  sank,  in  the  We^t  at  any  rate,  into  a  sterile  and 
*uperstitioun  routine. 

Clscsieal  medicine,  the   medidnv  of   the  fifth  century,  b.  c,  is 
J^re8CDt«d  for  us  by  the  great  monument  of  the  Scriptures  collected 
^dcr  the  name  of  the  foremost  teacher  of  the  age,  Hippoerates;  in 
8«niu9  perhaps  the  greatest  physician  of  all  post  time.    The  trontises 
of  the  Canon  may  be  divided  into  medicine,  Rurger}-,  and  obstetrics. 
t'hc  medical  irealiscs,  when  read  in  an  historical  spirit,  command 
C»vir  reverent  admiration.    Written  at  a  time  when  an  ioduclivc  phy- 
siology was  out  of  reach,  we  arc   impressed  nevertheless  by  their 
uroad,  rational,  and  almost  scientific  spirit.  Medicine,  even  when  not 
dominated  by  contemporary  philosophy,  baa  always  taken  its  color 
from  it;   and  the  working  physiolcvgy  of  Hippocrates  was  that  hu- 
moral doctrine,  originally  derived  from  Egypt  and  the  East,  which, 
w  enlarged  by  Galen,  ruled  over  medicine  till  reteut  times.    Hippo- 
nates,  while  distinguishing  between  the  methods  of  outward  and 
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inward  malndles  {fpavtpa  kiX  t[<S)]Xu  vfMr^/una) ,  taught  thnt  cvca  for  the 
inner,  by  eareful  sight  and  tuucb,  laborious  inspection  of  excretions, 
and  so  forth,  many  facts  are  acceseiblo  to  methodical  investigations; 
yet,  a«  in  inner  disoiLses  the  field  for  iiiference  is  more  spacious,  the 
data  «ven  of  direct  observation  fell  the  more  readily  into  the  echeme 
of  the  four  humors,  and  by  this  doctrine  were  eo  colored  that, 
although  observed  with  a  rare  clinical  insight,  they  were  set  in  the 
frame  of  a  fictitious  pathology. 

IIow  wiis  it  then  that  the  speculativo  side  of  the  medicine  of  Hip- 
pocrates embarrassed  him  no  little?  Because  the  clinical  method  of 
the  school  was  soundly  based  upon  tlie  outward  maladies,  where 
direct  induction  was  practicable.  No  sooner  indeed  docs  an  inirard 
affe«tion  —  an  empyema  for  example  —  work  outwards  than  the 
masterj"  of  Hippocrates  becomes  manifest.  What  we  separate  as 
surgery,  surgery  which,  from  Guy  to  ParC,  by  clerks,  faculties,  and 
humaniEts  vcos  despised  as  vilo,  and  from  Par6  to  Iluntcr  as  illiberal, 
n-as  in  the  n^e  of  Hippocrates,  as  in  all  critical  epochs  of  medicine 
since  that  age,  its  savior. 

If  then  our  admiration  of  the  inner  medifine  of  Hippocrates,  great 
as  it  is,  is  a  relative  admiration,  an  admiration  of  the  historical  sense, 
of  iua  outer  medicine  our  admiration  is  instant  and  unqualified. 
Little  as  the  fifth  century  knew  of  ioward  anatomy,  as  compared 
with  Alexandria  about  two  centuries  later,  yet  the  marvelous  eye  and 
touch  of  the  Greek  physician  had  made  an  anatomy  of  palpable 
parts  —  a  clinical  anatomy  —  suflicient  to  establish  a  medicine  of 
these  parts  of  the  body  of  which  our  own  generation  would  not  be 
ashamed. 

In  respect  of  fracturoe  and  luxations  of  tlic  forearm,  M.  P^tre- 
quin  pronounces  Ilippoor&tes  more  complete  than  Boyer;  in  respect 
of  congenital  luxations  richer  than  Dupuytren.  Malgaigne  again 
admires  his  crimparisoa  of  the  effects  of  unreduced  luxations  on  the 
bones,  muscle*,  and  functions  of  the  limb  in  adults,  in  young  children, 
and  before  birth,  as  a  wonderful  piece  of  clinics.  In  LittnS's  judg- 
ment, the  work  of  Hippocrates  on  the  joints  is  a  work  for  all  time. 
On  wounds  LittrJ  pronounces  that  the  Ilippocratic  books  must  be 
pondered  nnth  deep  attention;  for  they  are  founded  on  a  wide  ex- 
perience,  minute  and  profound  obeervation,  and  an  enlightened  and 
infiiutcly  cautious  judgment.  Permit  me  to  call  your  attention,  how- 
ever, to  certain  of  his  counsels:  That  a  wound  be  let  bleed,  in  order 
to  prevent  inflammatory  consequences;  that  if  in  fresh  wounds 
healing  by  first  intention  may  take  place,  suppuration  or  coctioa  is 
the  usual,  and  in  less  recent  and  in  contused  wounds  the  normal 
coune;  also  that  wounds  should  be  treated  with  linseed  and  other 
poultices:  comisd.-?;  wliich.  as  we  -■(hall  «oo  presently,  were  to  be  iis 
hotly  contested  in  the  thirteenth  and  fourteenth  centuries  as  in  the 
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nineteeDth.  From  amputation  of  the  larger  Umbs  be  Qinched,  aK  did 
most  if  not  all  responable  surgeons  down  to  Parf;  for  inner  anatomy 
was  ilUcnown,  and  ligature,  even  in  wounds,  made  slow  way,  indwd, 
before  Celsus,  seema  to  bave  been  unknown.  Caries  was  not  defin- 
itely dtstioguiabcd  from  necrosis,  but  a  case  of  disease  of  the  palate 
with  fallen  DOSe  irr«Fistibly  suggests  eyphilia.  Of  eye  disense^  we  find 
uch  of  inlerert;  of  obetetrical  practice  I  mu8C  be  content  lo  say 
tbat  it  had  reached  a  high  ntrindard ;  and  to  slate  onco  for  all  that 
■wben  surgery  flouiishes  obstetrica  Hoiiriah. 

It  is  by  comparison  of  one  part  of  the  Hippocratic  Canon  with 

■Qothcr  that  wu  Icum  how  a  strong  grasp  of  inner  medicine  was 

attained  by  way  of  intense  devotion  to  its  inductive  or  surgirat  side, 

nd  tbjfl  not  by  a  mere  empiricism:  for  it  may  have  been  from 

that  Aristotle  teamed  how  by  empiricism  (iii-wtipia)  we 

±  eertain  remedy  to  be  good  for  this  person  or  for  that  — 

tor  Socrates,  let  us  say,  or  for  Callias  —  when  he  has  a  certain  fever; 

Imt  that  by  reason  we  disRcm  the  charai-teristic  common  to  all  these 

particular  persons,  wherein  they  react   alike.    In  hia  Book  of  Pre' 

wp*!  Hippocrates  tella  ua  that  tpiprj  /jtra  kiyov  is  the  basis  of  all 

medieal  knowledge.    Now  rpi^tj  is  primarily  a  grinding  or  rubbing; 

to  the  student  mu«t  rub  and  grind  at  nature,  using  hta  reason  at  the 

nine  time;  but  his  reason  must  be  a  perceptive  and  interpretative 

not  a  productive  faculty,  for  he  who  lends  himself  lo  plausible  ratio- 

mnation   (Aoyt^r/i^  irtOai^p  -npwrijiuiv)  will    find   himself   ere   long   in   a 

blind  alley;  and  those  who  have  pursued  this  course  have  done  no 

enduiing  senice  to  medicine.  How  soundly,  for  the  time,  this  lesaon 

*a«  learned  we  see  in  the  theoretical  appreciation  of  thcac  sc%'crul 

f«iitU€8  in  the  first  chapter  of  Aristotle's  Mitaphysi/^s  and  in  the 

Snh  Book  of  the  Bthict.  where  the  senses,  it  is  urged,  cannot  really 

^acparated  from  the  mind,  for  the  senses  and  the  mind  contribute 

«nh  an  element  to  every  knowledge.   I  am  difiposed  to  suggeat  that 

ihifi  method  of  observation,  experience,  and  judgment  was  estab* 

ijshed  fir«t   in   medicine,  because  medit-inc   is   both   practical   and 

'Operative;  and,  as  Aristotle  points  out.  concerned  with  the  indi- 

tNual  patient:  to  our  art.  then,  may  belong  the  honor  of  the  appli- 
^oo  of  positive  methods  to  other  sciences. 
The  chief  lesson  of  the  Hippocratic  period  for  ua  is  that,  in  practice 
**ili  honor,  medicine  and  surgery  were  then  one;  the  Greek  phy- 
■fcn  had  no  more  scruple  in  using  his  hands  in  the  service  of  hia 
"Wins  than  had  Phcidias  or  Archimedes ;  and  it  wns  by  this  coopera- 
•""B  in  the  fifth  century  that  the  advance  was  achieved  wlilch  in  our 
*J«8  is  marvelous.  As  we  pursue  the  history  of  medicine  in  later 
liDiioa  we  shall  see  the  error,  the  blindne*?,  and  the  vanity  of  physi- 
fung  who  neglected  and  despised  a  noble  handicraft.  The  clear  eyes 
oi  the  ancient  Greeka  perceived  that  ua  art  is  not  liberal  or  illiberal 
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hy  ita  manipulations,  but  by  its  ends.  As,  because  of  its  ends,  the 
wlafltiring  and  ffolace  of  the  lepers  by  St.  Francis  nnd  Father  Damien 
waa  a  service  of  ajigels,  eo  Hippocrates  saw  uo  bu^ne^  even  in  nuuij- 
pulntions,  which  obtained  for  his  followers  the  name  of  coprophagi; 
where  there  is  no  Dvercoming  there  is  nt)  victory. 

Between  Hippocrates  and  Qalen,  an  interval  of  some  five  cen- 
turies, flourished  the  great  anatomicul  and  medical  schools  of  Alex- 
andria. Our  imly  important  source,  however,  for  the  medicine  of  the 
Alexandrian  period  is  CelsUB,  who  lived  in  the  reign  of  Augustus.  In 
Celsufl  wo  find  that  tJio  surgical  and  obstctricul  sides  of  it  hud  made 
farther  and  substantial  progress.  Celsus,  perhaps  not  hiuiself  a 
practitioner,  is  sometimes  vague  in  detail;  still,  beyond  the  Hippo- 
cratic  BUrgX"ry,  we  rend  of  trentment  in  piles,  Gstula,  rodent  ulcer, 
eczema,  fraelures,  and  luxations;  the  nsntiX  poiisages  u'ere  cauterized 
for  ozena;  dropsies  were  systematically  tapped;  hemina  were  sub- 
mitted to  radical  cure;  plastic  operations  were  undcrinkea,  and  the 
larger  liraba  wore  deliberately  amputated,  though  only  in  extreme 
need,  and  often  with  fatal  results  by  secondary  hemorrhage  and 
otherwise. 

How  active  surgery  was  from  Celsus  to  Galen,  and  how  honorable 
and  progressixi;  a  part  of  medicine,  wc  know  from  the  scanty  records 
of  .\rchigsnes  of  Apamea,  who  al,to  practiced  in  Rome,  in  the  rejgn  of 
Trajan,  Galen  calls  him  an  acute  but  too  subtle  &  physician;  such  of 
his  subtleties,  however,  a»  ore  knon-n  to  us  —  his  distinction  Iwtwoen 
primary  and  consecjuential  symptoms  for  tiistaitee  —  are  to  his 
credit.  He  appUed  the  ligature  in  amputations,  and  Antyllus  applied 
the  method  to  the  cure  of  ancuritun,  which  indeed  Rufiu  seems  to 
have  done  before  him.  GaJen  tells  us  where  he  got  his  "Celtic  linen 
thread"  for  the  purpose,  namely,  "at  a  shop  in  the  Via  Sacra 
between  the  Temple  of  Rome  and  the  Fonuu."  We  learn  also,  from 
Oribasius,  that  Antyllus  practiced  oxtenwve  resections  of  bone  in  the 
limbs,  and  e\'en  in  the  upper  and  lower  jaw. 

Qaleo  came  to  Rome  under  Marcus  Aurelius,  In  the  biolc^cal 
sciences  this  great  physician  elands  to  Harvey,  as  in  phj-sics  Archi- 
medes stood  to  Galileo  and  to  that  other  great  physician,  WiUiam 
Gilbert;  Galen  was  the  first,  as  for  many  centuries  he  was  the  last,  to 
apply  the  experimeiilal  method  to  physiology.  He  embraced  the 
ancillary  sciences,  ho  opened  out  new  routes,  and  he  improved  the 
old.  Unhappily,  his  soaring  genius  took  delight  also  in  speculation: 
and  it  was  not  the  breadth  of  his  science,  nor  the  depth  of  his  meth- 
odical experiment,  but  the  height  of  his  viaonary  conceits  wliich 
imposed  upon  the  Middle  Ages.  Galen  did  not  hitnself  forget  the 
precept  of  Hippocrates:  To  look,  to  touch,  to  hear  (■«•  •*<■»■,  ««< 
fty*iv,  nal  i«owcu) ;  but  he  did  not  wholly  subdue  himself  to  the  mlpo. 
rpk^udf  —  this  toilflonie  conversation  with  troublesome  facts.    Galen 
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(Cd  not  make  nny  great  mark  on  surgery;  his  tracts  on  the  eye  are 
but,  so  fsr  afi  v.'c  know,  liis  eut^ry  v&s  adopted  in  the  main 
flnni  the  AlexandrianK  nnd  from  Soronus.  However,  Galeu  »ucce%- 
fully  resected  iho  etemum  for  caries,  exposing  the  heart ;  and  he 
excised  a  spliuterod  shoulder-blad^:  moreover,  with  nil  his  bent  to 
speculative  reason,  wc;  huvft  no  hint  that  he  fell  into  the  medieval 
abyss  of  regarding  surgerj-  as  unfit  for  a  schotar  and  gcnticman. 

After  Cronus  and  Gnlcn  medicine  came  to  the  eveninf;  of  its 
second  day,  to  the  long  night  before  the  rise  of  the  Arabian,  Italian, 
acd  French  eurgeons  of  the  twelfth,  thirteenth,  and  fourteenth 
eenturics. 

In  spite  a(  the  docile  industry  of  Greek  physicianfi  of  the  Dyiantine 
period,  medicine  gradually  sank  not  into  sterility  only,  but  into 
degradation.  The  wholesome  disripline  of  practical  supsery  had 
fallen  oft.  Eastern  folk,  who  bear  heaven-sent  sores  with  fatal 
stoicism,  shrunk  from  the  profane  hand  of  miin;  and  the  tradition 
of  Galen  made  for  a  plague  of  dnifts  which  were  least  mischiovoUB 
when  merely  superfluous.  Rhazes,  Albucaais,  Avicenna  the  Arabian 
Galen,  had  entered  by  the  door  of  the  Eiuit  into  a  great  acientifio 
inheritance,  and,  if  they  did  little  to  develop  surger>-,  it  still  was  with 
them  a  grave  and  an  honorable  calling;  with  them  medicine  had  not 
jet  lost  her  right  arm.  The  smull  benefits  of  the  Cliurnh  to  medicine 
iaued  in  a  far  Kreater  treachery.  The  Greek  of  Ireland,  and  of  Knglnnd 
lathe  time  of  Bede,  was  banished  by  Augustine  and  the  Benediistiue 
DiMionaries;  and  the  medicine  nf  Monte  rnssiuo,  itself  a  farra^  of 
rweipts,  in  the  monkish  hoatele  of  the  West  fell  loTs-er  and  lower, 
ffe  have  reason,  howewr,  to  believe  that  even  in  the  cloister  some 
t«r  surgery  was  making  way,  when  it  was  finally  abandoned  to  the 
"»cul»riutn"  by  the  Council  of  Tours,  in  A.  D.  1163;  and  books  on 
wj^ry  and  midwifcrj'  Ix-gan  to  disappear  from  the  clerical  libraries. 
TV  University  of  Paria  excluded  all  those  who  worked  with  their 
bands;  ao  that  its  8tudent«  of  medicine  had  to  abjure  manual  occu- 
PMion,  and  to  content  thenwelves  with  syllogisms  and  in8i>ections  of 
ttrine,  often,  indeed,  without  any  inspection  of  the  patient  himself. 
Prom  the  University  the  Faculty  of  Me(hcine  took  its  tone,  and  the 
8iirgiea)  Corporation  of  Bl.  Come  aped  the  Faculty.  But  by  the 
expulsion  of  eurgery  from  the  liberal  arts,  and  the  societies  of  learned 
■Aon,  medicine  herself  was  eviscerated ;  thue  was  made  the  pernicious 
bisection  of  medicine  which  has  not  yet  spent  its  eril;  the  inductive 
foundations  of  the  art  were  removed,  and  the  cIciT^y  and  the  facultiea, 
in  Frwice  and  Engltind  at  any  rate,  devoted  all  their  zeal  to  shoring- 
up  the  superstructure.  Surgery  saw  its  revenge,  its  bitter  revenge; 
but  in  the  ruin  of  jta  temple.  In  the  thirteenth  and  fourteenth  cen- 
litries  surgery",  hated  and  avciided  by  me<lical  facultiea,  scorned  in 
(terival  and  feudal  circles,  began  in  the  bands  of  lowly  and  unlettered 
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mBB  to  grow  from  a  vigoroua  root;  while  inward  medicine,  with- 
drawing it&cif  more  and  more  from  the  laborntory  of  nut  ure,  hardoocd 
into  tlie  slieli  which  till  the  seventeenth  century  was  but  a  counter- 
feit. The  EtirgeoDS  of  the  thirteenth,  fourteenth,  and  tifleenth  cen- 
turies,  reared  in  humblo  ttpprenticesbips,  not  illitoriite  only,  but  for- 
bidden Ibe  very  mejLng  of  learning,  lay  under  heavy  disadvantages; 
yet,  euch  is  the  virtue  of  practical  experience,  inductive  method, 
juid  tvchnicul  resource,  thut  by  them  the  reform  of  medicine  was 
made.  Towards  the  end  of  the  fifteenth  century,  indeed,  this  pro- 
gress had  slackened,  soon  to  be  reinforced,  however,  by  new  and 
urgent  problfms,  a<A  of  the  schools,  but  of  direct  rough  and  tumble 
with  nature.  Of  these  new  problems,  of  which  Pari5  became  the 
chief  interpreter,  new  epidemics  and  the  wounds  of  GrearmB  were 
the  chief. 

In  medicine  from  the  twelfth  to  the  eighteenth  centuries  Italy 
led  the  world;  in  the  schools  of  Salerno,  Naples,  Bologna,  Padua, 
was  Goatained  a  strong  lay  and  imperial  tradition  which  gave  pause 
to  clerical  ascendency.  I3olugna,  until  the  predouunuQce  of  her 
law  school,  was  indeed  a  large  and  plenteous  mother  to  meditiine 
in  its  full  orb;  but  already  in  Salerno  far-eeeing  men  had  b^:ua 
to  dread  the  divorce  of  surgery  from  inner  medicine.  The  import- 
ant Salenitan  treatise  of  the  end  of  the  twelfth  cenlur^'.  The 
Oloaaet  of  tke  Four  Masters  on  the  Surgery  of  liotjcr  a;id  Roland, 
edited  by  Daremberg  and  de  Reani,  begins  with  n  Ument  on  the 
decadence  of  surgery,  which  they  attribute  to  two  causes;  namely, 
the  diviHion  of  surgery  from  medicine,  iind  the  nc^glcct  of  anatomy. 
By  the  wiRdom  of  Bologna  and  Naples,  where  chaint  of  surgery 
were  founded,  this  ill-starred  divorce  was  postponed;  in  his  Uui- 
vcraily  of  Naples  indeed  Frederick  the  Second  made  it  a  condition 
that  Burgerj"  should  be  an  essential  part  of  medicine,  siiould  occupy 
as  long  a  course  of  study,  and  should  be  established  on  nnatomy 
"without  which  no  oijcralor  can  be  sucressful." 

Roger's  Practica  Chirunjiae  was  written  in  llSO,  and  though  of 
course  it  resta  upon  the  traditional  eurgery  of  his  day,  there  are 
not  a  few  points  of  interest  in  the  book,  such  as  certain  descrip- 
tions auggeitttve  of  syphilis.  For  hemorrhage  Roger  ui^d  styptics, 
the  suture,  or  the  ligature;  the  ligature  he  learned  no  doubt  from 
Paul  of  I*^na;  but  Roger,  like  most  or  all  qualified  physicians  of 
the  period,  was  a  "woumd-Burgcon"  only,  that  is,  he  did  not  un- 
dertake the  graver  operations.  He  was  in  favor,  as  a  rule,  of  im- 
ine<liatc  extraction  of  weaponR  from  their  wounds;  but  in  these 
wounds,  even  after  extraction,  he  encoursged  suppurutioD  by 
stimulating  applications  within  and  around  them,  and  dressed 
them  with  ointments  on  lint.  To  the.=ie  pointa,  especially  to  the 
promotion  of  pus,  and  the  unctuous  dres^ngs,  permit  nte  again  to 
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your  ntiention;  for  we  ent«r  now  upon  a  stirgieal  coctro- 
versT  which,  pal«  rollcctian  as  it  may  be  of  the  great  surgical  day- 
spring  of  the  QiDeteeiitit  century,  ia,  historically  speaking,  of  sin- 
gular interest. 

Hugh,  of  Lucca,  says  Malgaigno,  is  the  finit  of  the  surgeons  of 
modem  Europe  vhom  we  can  cite  vritb  hooor.    Thla  tribute  ia 
a  little  strained;  we  may  say.  however,  that  of  these  honorable 
aneaAOK  Hugh  aeema  to  havu  bc«n  a  chief.    I  s&y  "eeems  to  have 
been;"    for  Uugh  is  even  a  dimmer  giant  than  Roger  or  Roliuid, 
We  know  that  he  was  bom  of  honorable  family  about  the  middle 
of  the  twelfth  century;  thai  he  served  aa  surgeon  in  the  campaigna, 
uiii  was  present  at  the  siege  of  Damietta;  but  of  w-riling  he  left 
not  a  line.   Such  vision  aa  we  ha\'e  of  him  we  owe  to  his  loyal  dis- 
ciple, probably  hia  son,  the  Dominican  Tbeodoric,  Bishop  of  Cervia, 
and  master  of  Henry  of  Monde%iUe.    Ho  completed  his  "surgery" 
tn  1366,  but  his  life  was  almost  coterminous  «ith  the  thirteenth 
cenlUT)'.    What  waa  Theodoric's  messageT     He  wrote  thus:   "For 
it  ia  not  necessary,  as  Roger  und  Kolund  huve  WTitton,  as  many  of 
tbeir  disclplos  tea«h,  and  as  all  modern  surgeons  profess,  that  pus 
dioiild  be  generated  in  wounds.    No  error  can  be  greater  than  thia. 
&ieh  a  practice  is  indeed  to  (under  nature,  to  proloug  the  diseaae, 
Mii  to  prevent  the  conglutination  and  consolidation  of  the  wound." 
la  principle  what  more  did  Lister  say  than  thin?    Henry  of  Monde- 
»i]le  made  a  hard  light  for  the  new  principle,  but  the  champions 
of  Qalcnism  and  suppur^ition  won  all  along  tho  line;  and  for  five 
(ollQwing  centuries  poultices  and  (crease  wore  still  to  be  applied 
lo  fmh   wounds,  and  tents,  plastered  nitb  irritants  to  promote 
■nppunttioD,  were  still  to  be  thnut  into  tho  recesses  of  them,  even 
*hBli  there  was  no  foreign  body  to  be  dischnrged.    If  after  all  this, 
^lyiipelaa  act  In  —  well,  says  Henry,  lay  it  at  the  door  of  St.  Kli- 
PM!   Hugh  and  Theodoric  for  the  fresh  wound  rejected  oil  as  too 
'fippery  for  union,    and  poultices  as  too  moisl;    they  washed  the 
*'>und  with  wine,  scrupidously  removing  every  foreign  pnnide; 
'^n  they  brought  the  edges  together,  forbidding  wine  or  anything 
*'*e  to  remain  within.    Dry  and  adhesive  surfaces  were  their  de- 
'*'o.    Nature,  they  »aid,  produce*  the  mCAns  of  union  in  a  viscous 
*^dalioo,  or  natural  balm  as  it  waa  afterwards  called  by  I'aracel- 
'^,  Parf,  and  WiirtE,   In  older  wounds  they  did  their  best  to  obtain 
"'•ion  by  cleaning,  desiccation,  iind  refreshing  of  the  edges.    Upon 
liio  outer  surface  they  laid  only  lint  steeped  in  wine.     Powders 
^**^  regarded  as  too  desiccating,  for  pwwdcr  shuts  in  decompoft- 
*«  matters;    wine,  after  wishing,  purifying,  and  drying  the  r«w 
rorfaoes,  evaporates.     The  quick,  shrewd,  and  rational  obaerva- 
iKBi,  and  the  independent  spirit  of  Theodoric,  I  would  gladly  illu."!!- 
trwe  farther  did  time  permit;   in  pascung,  1  may  say  that  he  wiis 
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the  firet  to  iiotice  ealivatioQ  as  the  result  of  admuuetratiou  of  ater- 
curj'  in  "skin  diseases." 

Both  for  (lis  own  merits,  and  as  the  master  of  Lanfranc,  William 
Saliret  was  eminent  among  the  great  Itulian  pbyeicians  of  the 
latter  half  of  the  thirtoonth  century.  Distinguifihcd  in  sui^gery, 
both  an  pnwtitioner  and  author,  he  was  also  one  of  the  protestantA 
of  the  period  against  the  divisjou  of  the  craft  from  inner  medicine; 
a  division  which  ho  justly  irgiirdcd  as  n  withdrawal  of  nicdivioe 
from  intimm-y  with  nature.  Like  Lanfranr  and  all  the  great  sur- 
geons of  the  Italian  tradition,  and  unlike  Franco  and  Par6,  he  had 
the  advnntngc  of  the  liberal  university  vdui-atiou  of  Italy;  but, 
like  Purf  and  Wilrtz.  he  had  also  largG  practical  experience  in  camp, 
hospital,  and  prison.  His  Surgery  contains  many  case-hietoriee. 
He  dt»e<iveped  that  dropsy  may  be  due  to  a  "durities  renum;" 
he  substituted  the  knife  for  the  abuse  of  the  cautcr>'  by  the  fol- 
lovers  of  the  Arabs;  he  piireuod  the  inveetigalion  of  the  cause*  of 
tb»  failure  of  healing  by  first  intention;  he  described  the  danger 
Of  wounds  of  the  ne<?k;  he  forwarded  the  diagnoaiB  of  suppura- 
tive discufic  of  the  hip,  and  he  rcfern^d  chancre  and  gangrene  to 
"coitus  cum  meretrit-e." 

The  Ckimrffia  Magna  of  Lanfranc  of  Milan  and  Paris,  pub- 
lished in  l21Jf>-98,  WI13  a  great  work,  written  by  a  reverent  but  in- 
dependent follower  of  Salicet.  He  diHtinguiahed  between  venous 
and  arterial  homorrhnge.  and  generally  used  styptics;  white  of 
CRK.  aloe»,  and  rabbit'H  fur  was  a  pupuEar  styptic  in  elder  sui^ery, 
though  in  severe  cases  ligature  was  used.  Learned  man  as  he  wajt, 
Lanfrano  saw  the  more  dearly  the  danger  of  separating  BUrgeiy 
from  medicine.  "Good  God!"  he  exclaims,  "why  this  abandon- 
ing of  operations  by  physicians  to  lay  porsonH,  disdaining  aui^ry, 
as  I  perceive,  becaufle  they  do  not  know  how  to  operate  ...  an 
abuse  which  has  i*eachetl  sucli  a  point  that  the  xoilgar  begin  to 
think  the  same  man  cannot  know  medicine  and  aurgery.  .  .  .  I 
say,  however,  that  no  man  can  be  a  good  physician  who  has  no 
knowledge  of  operative  surgery;  a  knowledge  of  both  branches 
Is  essential"  (Chirurgia  Afagna). 

Henry  of  Mondeville,  of  whom  we  hear  first  in  1301,  &b  surgeon 
to  Philip  the  Fair,  was  for  the  most  part  a  loyal  disciple  of  Lan-  I 
franc,  and,  aided  aa  it  would  seem  by  Jean  Pilfird,  also  surgeon  ' 
to  the  King,  attempted  for  wounds  to  introduce  the  new  methods 
of  Hugh  and  Theodoric;  for  his  pains  he  exposed  himself  to  bad 
language,  threats,  and  perils;  and  "hnd  it  not  been  for  Truth  and 
Charles  of  Valois,"  to  far  worse  things.  So  ho  warns  the  young 
and  poor  surgeon  not  to  plow  the  sand;  but  to  prefer  complais- 
ance to  truth,  and  ease  to  new  ideas.  I  may  summarise,  briefiy,  the 
teaching  of  Henry  on  the  cardinal  features  of  the  new  method: 
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'Vhlib  the  wound  scrupulously  from  all  foreign    matter;    use  no 
prabee,  no  tents  —  except  under  special  circumstances;    no  <Mly 
nor  irritant  applications;  avoid  the  fnrmatioD  of  pus,  which  is  not 
I  a  stage  of  healing,  but  a  contplicMion;    do  not,  eis  Galen  teaches, 
nitow  thC'  n-ound  to  bleed  with  the  notion  of  preventing  inflamma- 
tinn,  for  you  will  only  wpakrn  the  patient's  vitality  (virlva),  give 
him  two  (iiaea^eo  instead  of  one,  and  footer  Recondary  hemorrhage; 
distinguish  between  ooxing   hemorrhage,  hemorrhage  by  jets,  and 
that  whieh  pumps  out  of  an  inward  wound,  using  for  the  firet,  styp- 
tics, and  for  the  last  two  the  cautery,  or,  where  practicable,  distal 
compression  for  not  Ics*  than  a  full  hour;  when  your  dres^ngi;  have 
heen  carefully  mftde,  do  not  interfere  with  tliem  for  some  days; 
keep  the  air  out,  for  a  wound  left  in  contact  with  the  air  suppurates; 
however,  should  pain  and  heat  arise,  open  and  w&sth  out  again,  or 
even  a  poultice  may  be  necessary,  but  do  not  pull  your  dressings 
about  —  nature  works  better  alone;  if  Erst  intention  fail,  she  may 
sitcceed  in  the  second,  as  a  jeweler,  if  he  can  solder  gold  to  gold 
does  so,  if  not.  he  has  to  take  to  borax;  these  resources,  however, 
weleam  well,  not  by  nrguing  but  by  operating.  By  the  new  method 
you  will  have  no  stinks,  shorter  oonvaleecence,  and  clean,  thin  scars, 
in  wounds  of  the  neck  he  says  that  alterations  of  the  voice  suggest 
implications  of  the  larynx.  When  uaing  the  word  "  nature,"  he  freely 
hlmits  that  the  word  is  an  equivocal  one,  but  he  would  speak  of 
her  allegorieally  as  a  lute-player  to  whose  melodies  the  physician 
Hs  lo  dance.   Agaiit  he  says:  "Every  mmple  wound  will  heal  with- 
"M  any  notable  quantity  of  pus,  if  treated  on  Thcodoric's  nnd  my 
Qinmctions.    Avoid  every  rause  of  formation  of  pus,  such  as  irritat- 
'OK  applications,  exposure  to  air,  high  diet,  edema,  local  plethora. 
Many  more  surgeons  know  how  to  cause  euppiiration  than  how  to 
Ifeja!  a  wound."    Now  let  me  remind  you  that,  until  Hugh  of  Lucoa, 
'^c  universal  doctrine  wsa  that  suppuration  or  coction  ia  necessary; 
*Qd  that  if  it  does  not  set  in,  it  must  be  provoked- 

The  gwtest  of  the  French  surgeons  before  Par*  was  Guy  of 

t-Haulittc.  who  flourished  in  the  aeeond  halt  of  the  fourteenth  con- 

'tll-y.     He  studied  in  letters  and  medicine  at  Toulouse  and  Mont- 

Pellier;  in  anntomy  at  Bologna.   The  surgeon,  ignorant  of  anatomy. 

'*«^  Bays.  "carvcB  the  human  body  as  a  blind  man  carves  wood." 

TJie  Arabs  and  Paris  said:    Why  dissect  if  you  trust  Galen?    but 

i-he  Italian  physicians  insisted  on  verification.    Guy  was  called  to 

^-vignon  by  Clement  VI.    During  the  plague  of  13-I8  he  stayed  to 

'J^niBter  to  the  \ictimfl.  and  did  not  himself  escape  an  attack,  in 

'■'hieh  he  was  ill  for  .six  weeks.    His  description  of  this  epidemic 

>»  terrible  in  its  naked  simplicity.  He  gave  succor  also  in  the  vi»ta- 

tion  of  1360. 

Ris  Chirurgia  Magna  I  have  Rtudied  earefully,  and  do  not  wonder 
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that  FhIIopIus  pompnred  the  author  to  liippocraAea,  and  that  John 
I'reind  culb  bim  tbe  prince  of  Burgeons.  The  work  is  rich,  uphuht- 
tic,  orderly,  and  precise.  Guy  wu  u  more  adx'onturous  aurgeoa 
than  L&nfranc,  »s  was  Franco,  u  later  Proveii<;al,  than  Pari.  He  did 
not  cut  for  8tone,  but  he  operated  for  radiuai  cure  of  turuia  uiiJ 
for  cutorfict;  operations  till  bis  time  left  wholly  to  th«  waj-fanng 
specialists.  In  Guy  the  critical  spirit  wait  uwak«.  IIi>  Fcoras  the 
physicians  of  hie  day,  "who  followed  each  other  hke  cranes,  whether 
for  fear  or  love  he  would  not  say."  In  respect  of  principles,  how- 
ever, Guy  was  not  infallible.  Too  sedulous  a  discljile  of  Galen,  he 
was  as  a  deaf  adder  to  the  new  meesage  of  Hugh,  Theodoric,  and 
Henry;  and  not  only  wa«  he  deaf  himself,  but,  aa  the  authorita- 
tive maBter  of  the  early  renascence,  he  closed  the  ears  uf  his  brethren 
and  successors,  even  to  the  day  of  Lister. 

Thia  xngorous  life  which  surgery  gave  to  the  medicine  of  the 
thirteenth  and  fourlcenlb  centuries  was  stifled  in  the  West  by  the 
pride  and  bigotry  which,  culminating  in  the  Council  of  Tour?,  had 
thrust  surgery  down  into  the  ranks  of  illiterate  barbers,  revktei« 
flpecialiste,  and  adventurous  charlatans.  In  Italy,  however,,  the 
genius  and  bent  of  the  people  for  art  as  well  as  for  philosophy, 
and  tbe  ascendency  of  the  secular  element  in  the  univer^ties,  still 
kept  surgery  in  its  place  as  "the  dcicntiBc  arm  of  medicine."' 
Thus  in  Italy  of  the  hftcenth  century  surgery  did  not  droop  as  it 
did  in  the  Weet;  if  it  slumbered  for  a  eipell,  it  soon  awoke  again, 
refreshed  in  the  new  Hellenism.  Pietrodi  .\rgelatft  (d.  1423),  Doc- 
tor of  Arts  and  Medicine,  and  profcaaor  uf  Bologna,  wrote  an  excel- 
lent Surgery  full  of  personal  observation;  and  perhaps  for  the  first 
time.  WAS  frank  about  his  own  mistake!).  Bertipaglia,  another  great 
Paduan  professor,  flourished  a  little  after  Argelata,  but  was  a  diud 
of  less  originality.  Argelata  followed  the  lead  of  Heniy  and  Guy  in 
Rome  holder  adventure  in  operative  work  as  distinj^icthed  from  mere 
wouud-aurgery.  and  was  himself  a  le«me<l  and  skillful  practitioner. 

In  the  midM  of  the  mainly  Arubi^t  profcesorx  of  medicine  of 
the  fifteenth  century  arose  Benivieni,  the  forerunner  of  Uoi^g&fcni, 
and  one  of  the  greatest  physicians  of  the  late  Middle  Ages.  This 
distinguished  man,  who  wa.t  born  in  1448  and  ^ed  in  1503,  was  not 
a  profesaor  but  a  Doctor  of  Medicine,  a  man  of  culture  and  an  emi- 
nent practitioner  in  Florence.  Although  bom  in  the  new  platonism, 
he  was,  like  Mondeville,  one  of  those  fresh  and  independent  ob- 
forvera  who  surrender  to  no  authority,  to  Arab  nor  Greek.  Yet 
for  us  Benivieni's  fame  is  far  more  than  all  thiK;  for  he  was  tbe 
founder  of  the  craft  of  pathological  anatomy.  So  far  a^  I  know,  be 
was  the  first  to  make  the  custom,  and  to  declare  the  need  of  ne- 

'  A  phmac  wbicli  Sir  John  Burden  Sundrraon  once  umxI  in  my  b«tnmg. 
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eropsy  to  reveal  what  be  called  not  exactly  "the  secret  causee," 
but  the  hidden  Cannes  of  disemies.  ticfon;  Vasalius,  Kustachius, 
or  FallopiuB  wore  boni,  deliberately  and  clKsr-sightedly  he  opened 
Ihe  bodies  of  the  dead  as  keenly  as  any  patholo^st  in  the  more 
•pacious  times  of  Morgagiii,  Haller,  or  Senac,  or  of  HunLcr,  Baillic, 
uid  Bright.  Among  his  pnthologic&l  reports  are  morbus  coxae  (two 
casea),  biliary  calculus  (two  coHte),  ikbecctu  of  the  meseateiy,  throm- 
boeis  of  the  mesenteric  vessels,  Btenoeia  of  the  intestine,  "polypus" 
of  the  heart,  scirrhtig  of  the  pylorus,  ruptured  bon-el  (tvi-o  cases). 
He  gives  a  good  description  of  senile  |B;aiignme.  Thus  necropsy 
was  first  brought  into  practice  to  supplement  the  autopcty  vhi^h 
the  surgeon  had  long  practiced  in  the  living  subject. 

It  wiMUd  be  uujuBt  to  forget  that  in  the  latter  half  of  the  fifteenth 
eenturj*  Paris  admitted  some  reforms;  celibacy  for  physicians 
was  abolished,  and  with  it  diminished  the  allurements  of  prebends 
aad  rectories,  and  the  pernicious  practice  of  the  "mfidecins  reclus" 
who  did  not  vieit  patients  nor  even  sec  them,  but  received  vi^ts 
from  ambassadors  who  brought  gifts  and  vessels  of  urine,  and 
earned  back  answers  far  more  presumptuous  than  the  well-known 
counsel  of  FalstafT's  physician.  Still  not  only  was  reform  in  Paris 
vety  grudging,  but  it  was  capriciously  favored  and  thwarted  by 
Ihe  French  court.  The  faculty  denied  to  St.  Come  "esoteric"  teach- 
ing, djagnom^,  and  the  u.<ie  of  medical  therapeutics;  a  jealousy 
which  ended  in  the  physician  being  requested  to  do  little  more 
diao  write  the  prescription.  Ari-stotle  was  quoted  as  unfavorable 
to  the  "vulgarizing  of  science."  Joubert  waa  attacked  for  editing 
Guy  in  tho  vernacular.  Fortunately  the  surgeons  were  carried  into 
Ibe  field  of  battle,  a  far  better  school  than  the  Paris  Faculty. 

Tlius  it  was  that  in  the  opening  of  that  great  century'  in  the 
lijstory  of  the  human  mind,  the  sixteenth  eentury,  we  find  Italian 
medicine  still  in  tlie  van,  until  the  birth  of  tho  great  French  sur- 
geons, Frajico  and  Par^,  and  of  Gersdorff  and  Wiirts  in  Germany. 

Franco,  like  Par^,  wa.^  no  clerk;  he  came  of  a  class  lower  even 
than  that  of  Parfi  and  the  barbers,  the  wayfaring  class  of  booe- 
■etters,  oculists,  plastic  operators,  and  cutters  for  stone  and 
hemia;  "ninagates,"  as  Gale  calls  them.  Thus  dangerous  visceral 
operations,  and  those  on  the  eye,  which  but  too  often  were  swiftly 
disastrous,  fell  into  tlic  bunds  of  wandering  and  irresponsible  crsfts> 
men,  men  of  low  origin,  and  too  often  ignorant,  leckleM,  and  rapa- 
cious. As  the  truss  was  a  very  clumsy  instrument,  at  any  rate  till 
the  cad  of  the  eevcnteenth  century,  the  radical  cure  of  hernia  was 
in  great  demand.  It  is  not  the  least  of  the  merits  of  Franco  that 
he  brought  these  operations  within  the  lines  of  responsible  surgery, 
and  thrust  them  into  the  ken  of  Par^  and  Fabriclus.  Thia  illustrious 
Proven^l    surgeon— "ce    beau    ^inie  chinurgicid,"  as  Malgaigne 


202 


INTERNAL  MEDICINE 


L 


calls  him,  in  declining  the  task  of  entering  upon  so  full  a  life  — i 
bom  about  L503.  lie  beg:an  as  an  apprentice  to  an  operating  barber 
and  hernia  specialist.  He  had  no  more  "educntioii"  than  Par4 
or  WUrtz,  and  he  was  spared  tbe  misfortune  of  a  speculative  in- 
lelkct.  He  picked  up  aomo  aDatomy,  educated  himself  by  obeer- 
vatioD,  experience,  and  manipulation,  and  as  a  simple  opurntor 
or  "Master,"  won  conaderable  renown.  As  upright  and  modest 
as  Par€.  though  he  never  attained  Park's  high  i^ocial  poeitioD,  he 
Kiibmitted  to  call  in  the  physioian,  and  took  hia  quiet  revenge  in 
the  remark  that  the  physicians  did  not  know  enough  to  distinguish 
good  rtuTgery  from  bad.  Nicaisc  euys  roundly,  "No  surgeon  made 
(tuch  discoveries  aa  Franco;  for  hernia,  stone,  and  cataract  he  did 
much  more  than  Par6."  Whether  from  incapacity  or  the  brutality 
nf  habit,  during  the  Middle  Ages  and  down  even  to  the  niiddto  of 
the  flcveateenth  century,  it  had  been  the  custom  in  operating  for 
hernia  to  sacrifice  one  or  even  both  testicles.,  an  abuse  ngainBl  which 
Franco  took  eucccs^ful  precaulione,  for  he  proved  that  the  canal 
could  be  closed  and  the  ring  sutured  without  castration.  In  irre- 
ducible inguinal  hernia  he  distingulKhes  between  opening  and  not 
opening  the  sac,  and  describes  adhesions  of  sac  and  intestine. 
From  him,  indeed,  dates  the  rational  operation  for  Etrangulated 
hernia,  and  in  strangulated  scrotal  hernia  he  founded  the  method. 
Parfi,  and  after  him  Petit,  condemned  the  ablation  of  the  t-eaticle, 
which  procedure,  however,  many  surgeona  thought  quite  good 
enough  for  priests;  and  Far^  gives  credit  to  Franco  for  these 
advances,  though  Fabricius  does  not  even  mention  them.  On  the 
interesting  subject  of  plastic  operations,  which  attained  a  remark- 
able vogue  in  the  Middle  Ages,  and  were  but  restorod  by  Taglia- 
cozr.i,  1  have  not  now  time  to  sfieak. 

The  very  eminence  of  Ambroise  Pari  encourages  if  it  does  not 
command  me  to  be  content  with  a  few  words  of  commemoration. 
Himjwlf  of  humble  origin,  he  won  for  surgery  in  France  a  social 
place  and  respect  it  had  never  attained  before.  Bom  in  1.SI7,  he 
i>eeame  a  barber's  apprentice  in  the  HOtel  Dieu,  whence  he  fol- 
lowed the  campaign  of  Francis  I  against  Charles  V.  Aa  he  could 
not  wntc  ft  Latin  treatise,  his  admission  to  St.  Come  was  of  course 
opjiosed  by  the  Faculty;  but  Par^  stoutly  declared  that  the  ver- 
nacular tongue  was  essential  to  the  progress  of  medicine.  Riolan 
the  elder,  who  had  taken  part  in  the  opposition,  wrote  u  tract  on 
the  other  aide.  In  1577,  with  the  following  insolent  title:  Ad  im- 
pudentiam  quorundam  Chirurgorum  qui  medms  aeqvari  tt  chintT' 
gimn  puhlici  jwfifitere  volurti  jrrn  digniiaie  vfteri  mtdieinac  apologia 
philotophieo.  Now  at  this  time  Par*  waa  60  years  of  age  and  sur- 
geon lo  the  King.  If  in  comparison  with  Par^,  Haeser  treats  FVanco 
somewhat  sliglitingly,  and  if  in  some  respects  Par^  may  not  bo 
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lifted  far  ntKive  some  of  his  great  Italian  ccmtemporarieti,  such  u 
Ma^,  Carpi,  or  Botallo,  yet  taken  all  around  the  [ouiider  of  iiiod- 
en»  surgery  surely  surpasses  all  the  phyHieiana  of  iiis  time  u»  on 
iiide{)endent,  original,  and  inventive  genius,  and  as  a  gentle,  tnaa- 
terly,  and  true  man.    Yet  I  am  often  surprised  to  see,  even  to-day, 
the  iuvcDiiuu  of  liguturc  of  arteries  attributed  to  I'ar^,  whose  »ui^ 
prise,  if  our  journals  have  an  astral  shape,  must  be  greater  stJU, 
seeing  that  he  himself  refers  the  ligature  to  Galen.    The  attribu- 
tion 18  of  course  a  It^-ud.    Mnlgaigae  discreetly  cUiinis  no  nton^  for 
Par6  than  the  applicatiwi  of  the  ligature  from  wuund-surgory  to 
amputations;   but  in  my  opinion  even  this  claim  goes  beyond  the 
truth  of  liistor^-.     Celaiu  epeokct  of  the  ligature  aa  an  ordiaary 
method  iu  wounds;   from  Oribaeius  we  lesm  that  Arcbigenes  of 
Apanun  even  tied  vefrK'la  in  amputation,  after  fixing  a  tight  bund 
at  the  root  of  the  limb.     li.  seem»  probable  that,  unle^  performed 
with  modem  nicety,  secondary  hemorrhage  must  have  been  fre- 
quent;   indttcd  in   1773.  Polit  doliljerntcly  disrarded  the  ligulure, 
u  Franco  and  Fabricius  had  done  before  him.     MiUtary  surgeooB 
oonsidcred  even  Vfai's  "lignture  en  masse"  too  delicate  a  method 
for  the  battle-field.     It  is  a  more  intelligent  service  to  this  great 
nm  to  point  out  that  the  ligature  and  other  operative  dctuiU  were 
DO  aiogulftr  devices,  but  orderly  steps  in  «.  large  refonn  of  method 
in  amputation,  a  refonn  made  imperative  by  the  ravages  of  firfi^ 
VIM,  ruvagoe  which  could  not  be  cuvorod  up  with  Oulctii)!im». 

Il  til  the  privilege  of  the  hiHtorian  In  make  light  of  time  and  space; 
ud  it  is  not  easy  to  leave  Far^  nnd  liis  times  without  sfjme  rcflec- 
tifw  ujwn  the  great  G«rm«n  8Ur>;t'on8,  Bninscbwig,  Gersdorff,  and 
W'tins,  who,  like  him,  were  concerned  with  the  effects  of  Qrearms. 
h  Italy  in  the  sixteenth  centurj'  surgery  was  somewhat  on  the 
*aoe,  but  in  Germaiiy  Wijrtz,  in  the  freahnefts  and  originality  of 
lua  mind  and  iu  hiB  freedom  from  Boholaetic  convention,  reminds 
«8  of  Tar*. 

Paraoehnis  (bom  1491)  was  a  surgeon  and  no  inconsiderable 
°tic.  Had  this  extraordinary  man  been  endowed  nith  a  little  pa- 
'Jencf  lie  would  have  been  a  leader  in  wound-surgery,  though,  like 
Wiirtz,  he  waa  not  an  operator.  He  pointed  out  not  only  this  abuse 
'^  the  suture  by  the  Burgeons  of  the  day.  but  also  that  suppura- 
tion is  bail  healing,  for,  if  left  to  hcnu-'lf.  nature  heals  wounds  by 
a  natural  balm,  a  phra&c  which  Par^  adopted.  In  hi»  Orotse  Wun- 
dimet  he  eaya  he  began  at  the  surgical  because  it  is  the  most  oer- 
Uin  part  of  medicine,  and  time  after  time  he  rebukes  those  who 
withdraw  medicine  from  surgi'ry.  Brunschwif;  wiw  indeed  the  lii^ 
surgeon,  to  write  upon  the  Rurgery  of  gunshot  wounds  with  any 
fulbiees  or  precision.  He  held,  however,  as  Vigo  after  him,  that  a 
gunshot  wound  was  a  poisom-d  woundj  and,  to  eliminate  the  poiaon 
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by  free  suppuration,  used  the  medicated  tents,  or  in  case  of  thorough 
pODCtrntioR,  the  aetoua  wlilcb  were  to  arouse  the  aiigry  untugon- 
ism  of  Wurtz. 

Felix  Wurtz,  like  Franco  and  Par4,  had  alno  the  good  fortune 
to  cec&po  a  sohola£tic  education;  he  waa  lucky  enough,  however,  to 
eojoy  the   Ubora]   education  of   Gcsncr's   fricndJthip,  and  to  Usten 
to  the  fiery  disputes  of  Paracelsus.     Gifted  with  an  independent 
and  penetrating  mind,  he  is  as  fresh  and  racy  as  Henry  of  Monde- 
villo  hod  geniuM  enough  to  be  in  spite  of  the  schools.    Like  all  lti» 
compatriots,  he  wrote  in  the  vernacular;    and  for  its  originality 
and  conciBOnese,  Wiirtn's   Pmctica,  publiphcd   in    1563,  stands  in 
a  very  small  company.    Had  he  known  as  much  anatomy  as  Par^, 
his  defect  in  which  be  bewails,  he  might  have  been  as  great  a  man, 
for  his  clinical  advances  were  both  new  and  important.    He  pro- 
tests against  the  kind  of  examinationa  for  practice  held  ia  9ome 
cities  where  candidates  patter  off  cut  and  dried  phrases  like  par- 
rote,  while  apprenlicca  "pliiy  upon  the  old  fiddle  the  old  tunc  con- 
tinually."    By  Betting  bid  face  against  cataplasms  and  grease,  he 
made  for  progrees,  though  neither  he  nor  Par^  attacked  suppura- 
tion in  principle  as  Theodoric  and  Heurj-  had  done.    His  cliief  title 
to  fame,  a  fame  far  less  ripe  of  courec  than  that  of  Sydenham,  but, 
as  it  seems  to  me,  not  unworthy  to  be  remembered  be.side  it,  lies 
in  his  clinical  acumen,  and  especially  in  his  touception  of  wound 
infectiona  and  their  results.     Hia  description  of  diphtheria  is  esp^ 
cially  remarkable. 

While  surgeons  From  generation  to  generation  wnc  making  tlie 
solid  progress  I  hnve  indicated,  what  were  the  phyricians  about? 
Now,  of  the  fantastic  conceits  they  were  spinning,  of  the  gross  and 
blundering  receipts  with  which  they  stuffed  their  books,  I  have 
not  time  to  s]>eAk;  fortunately,  liistory  has  but  too  well  prepared 
you  to  dispense  with  this  side  of  the  story.  One  example  I  n*!!! 
give  you:  In  the  sixteenth  century  the  air  was  rent  by  the  clamor 
of  pliysiciaiie  contending  in  two  camps  with  such  ardor  and  vnih 
such  acrimony  that  the  Pope,  and  even  Charles  the  Fifth,  inter- 
fered—  imd  on  what  momentous  principle?  Whether,  in  such  a 
disease  as  pleuro-pneumoriia,  venesetrlion  was  to  be  practiced  on 
the  same  ^de  as  the  disease  or  on  the  opposite  side?  Briasot,  who 
questioned  the  Galenical  tradition  in  this  matter,  was  declared 
by  the  Emperor  to  be  a  worse  heretic  than  Luther.  Unfortimately 
for  Imperial  medicine,  if  indifferently  for  science  and  the  public 
weal,  it  came  out,  on  the  recovery  of  the  text  (if  Hippocrates,  that 
Brissot  had  happened  to  be  on  the  side  of  the  father  of  medicine. 

England,  if  by  England  we  mean  do  more  than  the  Isles  of  Britun, 
makes  no  great  show  in  medieval  or  renascence  surgery.  Ardeme 
was  probably  a  far  belter  surgeon  than  Gilbert  or  Joba  of  Gad< 
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dcti ;  but  he  \s  little  more  than  a  name.  Nor  dow  it  do  to  p«ruee 
Thomaa  Oak  (I507-15S67)  mfter  MondoviJIc.  Guy,  Par«,  Wurtz, 
or  Iffag^.  In  the  WoutvU  Made  by  Gonnafwt,  the  third  part  oT 
his  Sttrgcry,  lice  Gale's  meiit,  that  he  also  withstood  "the  gross 
emv  of  Jerome  Brunsmclio  and  John  of  Vigo,  that  they  make 
tbe  wound  venomous." 

With  the  64xtcath  century  my  survey  must  oad;  from  this  time 

medicine  entered  upon  a  new  life,  upon  a  new  surger}'  founded  on 

a  new  anatomy  and  on  a  new  physiology  of  the  circulation  of  the 

Uood  and  lymph.    Thvsc  tscicnces,  thua  renewed,  not  only  served 

surgery  directly,  but  by  the  pervading  influence  of  the  new  aeeuraoy 

at  obaeni-atinn,  and  the  enlai^gement  of  the  field  of  induction,  also 

indirectly  modified  the  traditional  medicine  of  physicians  unversed 

ID  methods  of  research,  as  vre  obsen'e  in  the  objective  cUnical 

medicine  of  Sydenham.    Our  phynialogists  tell  us  that  destruction 

is  easy,  construction  difhcuU;  but  in  the  history'  of  medical  dogma 

thi«  truth  findii  little  illuMration.     So  impatient  is  the  epeculatjvo 

intellect  of  ihe  yoke  of  inductive  research,  so  tenacious  is  it  of  ita 

ewltea  in  tbe  air,  that  no  sooner  did  Harvey,  by  revealing  the  me- 

tianics  of  the  circulation,  sap  the  doctrioes  of  the  achools,  than 

wme  physicians  instantly  set  to  work  to  run  up  tha  echcm©  of 

islro-phypics ;  others  to  build  a  ayetem  of  iatro-chemicH,  but  upon 

Von  Belmont  rather  than  on  Willis  end  Mayow;  wliile  HofTman 

v»i  his  u^hool  nwuseitated  the  $lnetum  and  taxum  syllogisms  of  the 

Greek  Mclhodisls. 

hi  this  sketch  of  the  past,  a  sketch  ceceasarily  indiscritninate, 
but  not,  I  tniEt,  indiscreet,  wo  have  seen  that  up  to  the  time  of 
Avictmna,  medicine  wae  one  and  undivided;  that  sur^ry  was  rc- 
Suded  truly,  not  as  a  department  of  diseaae,  bub  as  an  alternative 
lie&tment  of  any  disease  which  the  physician  could  reach  with  his 
^d»;  that  the  elmvage  of  medicine,  not  by  eoino  natural  and 
<kieoliaI  dividons,  but  by  arbitrary  paltering  to  false  pride  and 
*wieat,  let  the  blond  run  out  of  both  its  moieties;  that  certain 
•liaoaBes  thus  cut  adrift,  being  nourished  only  on  the  wind,  dried 
nto  mummy  or  wasted  in  an  atrophy,  and  that  such  was  medicine; 
•We  the  diseases  which  were  on  the  side  of  the  roots,  if  they  lost 
•oiDething  of  their  upper  sap,  wore  fed  from  below,  and  that  such 
*M  surgerj*. 

ThtM  the  phyndcians  who  were  cut  off  from  the  life-Riving  earth, 
bdng  filled  with  husks  and  duttt,  became  themseU'ea  stark  and  fan- 
t«tic.  Broadly  speaking,  until  the  seventeenth  century  pathology 
ma  a  factitious  schedule,  and  niedScine  a  farrago  of  reeeipti,  moat  of 
ihem  nauseous,  many  of  them  filthy;  most  of  them  directly  mis- 
chievnus,  all  of  them  indirectly  misohievnuii  as  tokens  of  a  false 
eoDc«pUoti  of  therapy.    A  few  domestic  nmplea,  such  as  the  Inxa- 
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tives,  are  indispensable;  for  the  rest  wo  are  tompted  to  surmiw 
that  mankind  might  have  been  happier  and  better  if  Dioscoridiy 
had  beeu  strangled  in  his  cradle. 

This  ii!  the  trutli  1  have  tried  to  get  homo  to  you,  that  Id  the 
truncation  of  medicine  the  phviiician  lust  not  only  nor  cliiefty  a 
potent  means  of  treatment;  he  lost  thereby  the  inductive  method; 
he  loBt  touch  vitb  things;  he  deprived  his  brnias  of  the  coopGro- 
tion  of  the  subtlest  machine  in  the  world  —  the  hutiisn  hand,  a 
machine  which  does  far  more  than  manufacture,  which  returns 
ite  bcucfits  on  the  nuker  with  usury,  bleei^ing  both  liim  that  takot* 
and  him  that  Kives. 

Pure  thought,  for  its  own  sake,  especially  ia  early  life,  when  the 
temptation  to  it  is  strong  and  experience  small,  aeems  so  diaint«r' 
ested,  80  aloof  from  temptation  of  gain,  that  in  th«  history  of  ideau. 
speculation  and  the  construction  of  speculative  systems  have  played 
but  too  great  a  paji.,  and  have  occupied  but  too  many  minds  of 
eminent  capacity.  We  must  assume  then  that  they  have  served 
— and  for  au^ht  we  know  may  utill  iforvc  —  aonui  ^uod  cud.  It 
seems  hardly  likely  that  ago  after  age  men  would  busy  themselves 
to  build  up  these  vast  ccmstnictions  in  idle  exercise.  That  nature 
is  wasteful  wc  know  but  too  well;  yet  slie  is  wasteful  by  the  way, 
not  in  the  main  direction  of  her  work.  If  some  of  her  seed  falla  on 
stony  ground,  if  her  rain  falls  on  the  juat  and  on  the  unju.it,  yet 
tfa«  soniug  and  the  rain  arc  in  the  main  fruitful  and  delightful. 
Perad venture,  in  our  modem  conviction  of  the  ofEcicncy  of  the 
inductive  method  we  may  lie  too  ready  to  denouniie  other  methodt: 
which,  hard  as  it  may  be  for  us  to  conceive^  may  yet  play  aome 
lasting  part  in  evolution.  Even  in  our  own  day  we  may  bocuuui 
too  anaiytit-al;  on  our  good  »ide  we  may  be  too  exclusive.  In  the 
pule  hue  even  of  inductive  analysis  may  we  aot  get  sick,  lose  reso- 
lution in  too  much  deliberation,  overlook  the  concrete,  and  for^t 
that  if  by  any  mode  of  generalization  wo  lose  hold  of  individuals 
in  types,  and  of  things  in  the  negations  and  eliminations  of  ab- 
etraelion  we  may  fall  ourseK-es  into  the  very  error  of  the  "school- 
authors."  If  the  soareh  for  entities  was  false,  mny  there  not  be  a 
eort  of  impoEiition  in  "luws"f  When  in  the  laal  analysis  we  attain 
to  unresolved  residua  may  we  not  err  in  giving  even  to  a  true  resi- 
duum too  solid  a  name?  Whether  it  be  the  summation  of  phe- 
nomena or  a  vision  of  the  imagination  an  abstraction  is  au  abstrac- 
tion, and  abHtractions  carry  ua  a  long  way  from  deeds  and  things. 

In  the  mindR  of  academical  tcarherH  the  notion  still  survives 
that  the  theoretical  or  university  form  and  the  practical  or  tech- 
nicjkl  form  of  a  profession  or  trade  may  not  only  be  regarded  sepa- 
rately, and  taught  in  Kome  distinction,  which  may  be  true,  but 
in  iudepeadence  of  each  other;  oay,  that  the  intru^on  of  the  tech- 
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^'quality  hy  maUrialising,  degrades  the  purify  or  liberality  of 
the  theoretical;  tbat  indeed  if  he  had  not  to  gel  his  doily  bread 
the  bigb-mindcd  student  uiuy  (li>  well  to  let  the  ^op  severely  alone. 
Thus  the  university  is  prone  to  make  of  education  thought  with- 
out hands;  the  technical  school,  hands  without  thought;  e&ch 
figbtlng  ahy  of  the  other.  Bui  if  in  a  liberal  training  Ihe  sciences 
mtuii  be  tjiugbt  n-hereby  th(.^  crafta  arv  intcrpn;te<l,  eciinomiKed, 
jind  developed,  no  less  do  the  oriifts,  by  finding  ever  new  problems 
and  teste  for  the  sciences,  insemioate  and  inform  the  PcieDc<:«,  as 
io  our  dfty  physics  are  forrtilined  by  the  tine  craft  of  such  men  aa 
HcImJioIlz,  Comu,  and  Stokes;  and  biology  by  that  of  Virehow, 
rualeur,  und  Lister.  At  the  coramemoration  of  Stokes  in  Wcsl- 
Bunster  Abbey,  Lord  Kelvin  honored  in  Iiitn  the  "combination 
of  technical  skill  with  intuition;  "  and  Lord  Rayleigb  admired  in 
him  "the  reciprocity  of  accurate  workinan«hip  and  inntinrtive 
genius;"  appreciation?  no  less  true  of  these  two  distinguished 
speakers  themselves.  If  it  be  true,  as  i  have  been  told,  that  the 
I'liiveraily  of  Birmingham  has  a  ruul-minc  upon  the  prcnusctt,  J  am 
ready  to  believe  that  the  craft  of  coal-getting,  by  carrying  practice 
into  thought,  will  fortify  the  web  of  theory. 

There  exists,  no  doubt,  the  contrary  danger  of  reducing  educa- 
lioo  to  the  narrow  ideas  and  stationary  habits  of  the  mere  nrtisan. 
By  stereotyped  methods  the  shop-master  who  does  not  see  beyond 
Ilia  noae,  may  cramp  the  'prentice,  and  this  'prentice  becomes  Hhop- 
nuMer  in  his  turn.    If  in  the  feudal  times,  and  times  [ike  tbem  in 
tliis  respect,  manual  craft  wa^  deHpiBed,  and  llie  whole  rca^in  of 
Oian  was  driven  into  the  attenuated  spray  of  abstract  ingenuity, 
in  other  timc!S  or  parts  of  society  n  heavy  plod  of  nmimal  habit  ao 
lUckened  "the  nimble  spirits  in  the  arteriea"  that  mau  was  little 
better  than  a  beaver:  on  the  one  side  mutter,  groes  and  blockish; 
oil  the  other,  speculation  vacuous  of  all  touch  of  nature.    We  need 
the  elevation,  the  breadth,  the  imagination  which  universities  create 
and  fo»ler;  but  in  univondties  we  need  also  bridges  in  every  parish 
between  the  pro^-inees  of  craft  and  thought.    Our  purpose  must  be 
to  obtain  the  blend  of  craft  and  thought,  which,  on  the  one  hand, 
delivers  ua  from  a  creeping  umpiriciam,  on  the  other,  from  exorbi- 
tant ratiocinations.     That  for  the  progress  and  advantage  of  know- 
itdgfl  the  polar  artiviliea  of  sense  and  thought  should  find  a  fair 
bdanee.  is  set  forth  judicially  enough  in  modem  philosophy,  and 
it  eminent  In  great  e-xamples  of  mankind.     Moreover,  it  is  nppre- 
licndcd  in  the  reciprocal  tcnmons  of  faith  and  works,  of  hypothesis 
ind  experience,  of  science  and  craft,   in  our  controversies  on  theory 
and   practice,  on   universities  and  technical  schools,  on  grammar 
and  apprenticeship,  we  see  their  opposite  stresses.     The  uniwm  is 
far  from  being,  as  too  often  we  suppose,  one  merely  of  wind  and 
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helm,  it  is  one  rather  of  'nitid  and  wing;  it  consists  not  in  a  mere 
obe(Uence  of  hand  to  mind,  but  in  some  mutual  impliention,  or  gen- 
erative conjugation  of  tJiem.  How  llicse  two  forms  of  impulse 
should  Uv«  in  each  other,  we  sec  in  the  Fine  Arts  —  in  the  suift  con- 
federaey  nf  Kiind  and  mind  in  Durer,  Michael  Angelo,  Rembrandt, 
Velasquez,  Watteau,  Heyiiolds.  The  infinite  delicacy  of  educated 
senecti  is  nlmost  mmv  incredible  than  ihc  compuss  of  imagination. 
When  fhey  unite  in  creation  no  shadow  is  too  fleeting,  no  line  too 
exquisite  for  their  common  engagement  and  mutual  reinforcement. 
Michael  Angclo  wnd  Leonardo  da  Vinci,  the  grt^atesl  craftsmea 
perhaps  the  world  has  seen,  were  as  skillful  to  invent  a  water-enpne, 
to  anatomixe  a  plant,  or  to  make  a  stonecutter's  saw,  as  to  build 
the  dome  of  St.  Peter  above  the  clouds  t>i  Christendom. 

Solve  the  problem  as  hereafter  we  may,  now  we  con  take  heed 
at  least  that  energy  ithall  not  accumulate  about  one  pole  or  the 
other.  Our  little  children  have  a  message  to  us  if  we  would  but 
hearken  to  them.  Every  moment  they  arc  translating  action  into 
thought  and  thought  into  action.  Eye,  ear,  and  hand  are  inccs- 
■ODtly  on  the  watch  and  in  pursuit,  gathering  inceaeantly  for  the 
BUnd  and  the  forms  of  thought  which  ae  rapidly  issue  again  in  nev 
activities.  If,  as  we  mature,  we  gain  the  power  of  rentraint,  it  is 
not  that  we  shall  ceaee  to  act,  that  the  mind  shall  depose  the  hand, 
but  that  these  variables  shall  issue  in  a  richer  and  richer  function. 
If  we  forget  the  hands,  that  cunning  loom  which  wove  our  minds. 
if  thrusting  them  into  our  pockets,  we  turn  our  eyes  inwarda,  will 
our  minds  still  truly  grow?  That  by  virtue  of  the  apposable  thumb 
monkey  became  man  is  no  metaphor;  in  its  measure  it  ia  sober 
truth.  For  the  last  millennium  too  much  thinking  has  been  the 
bane  of  our  profession;  we  have  actually  made  it  a  point  of  honor 
to  ignore  the  hands  out  of  which  we  were  fashioned,  and  in  this 
false  honor  to  forget  that  the  end  of  life  in  action,  and  that  only 
by  action  is  action  bred.  While  we  profess  to  admire  Bernard  Paliasy 
or  Jean  Goujon,  the  medieval  mason  or  the  medieval  goldsmith, 
we  act  nevertheless  as  if  line  arts  oiUy  are  honorable,  and  mechan- 
ical arts  servile;  whereby  we  blind  ourselves  to  the  common  laws 
of  growth,  whieh,  knowing  not  these  distinctions,  deal  out  barren- 
ness to  those  who  make  them,  We  begin  even  with  our  children 
to  wean  them  from  the  life  of  imaginative  eyes  and  of  thoughtful 
fingers;  and  instead  of  teaching  them  to  rise  from  .limple  craft* 
to  practical  crafts,  to  scientlBc  crafts,  or  to  lovely  crafts,  and  thus 
to  pursue  the  mean  of  nature  herself,  we  teach  them  the  insolence 
that,  except  in  sports,  the  mind  should  drop  the  acquaintance  of 
the  fingers. 

Shall  we  wonder  then  that  in  thi.'i  generation  bold  men  call  Eng- 
lish people  stupid;  all  stupid  save  those  few  men  of  genius  or  rich 
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talent  who,  liko  Gilbert.  HiiPvey,  or  IJarwin,  were  great  enough  t<5 
le  Inie  to  eye  and  hand,  and  to  breed  great  ooHceptions  by  tlietr 
intimate  coition  with  th<!  mind?  Shall  vn-  wonder  tlicn  that  medi- 
cine fell  into  Bterility  when  by  moHt  unnatural  bonds  surgery,  her 
iscieotific  arm,  v&b  tied  behind  her,  and  her  sight  waa  turned  inwards 
from  procesaca  to  fonniilnsT  Shall  vre  wonder  that  even  in  the 
eighteenth  century,  when  medicine  had  bcgxm  tardily  to  occupy 
it«elf  in  the  crafts  of  patholog)'  and  chemistry,  one  visionary  after 
•nolhcr,  etriding  iu  long  procesMon  athwart  the  barren  wildcnicsB 
of  physic,  wasted  Ijis  generation  in  squearaiflb  evasion  of  the  thinga 
that  happen,  and  in  vain  purauit  of  vacuous  unitiesT  Yet,  if  to  the 
hiffh  stonuichs  of  our  forefathers  surgical  dabbliugs  were  common 
and  unclean,  rtill  there  remained  eomc  eyc8  curioua  enough  and 
some  fingeni  dexterous  enough  tu  carr}'  the  art  back  to  the  iikil) 
of  Hippocrates,  and  fom-ard  to  the  skill  of  Lister ;  but  it  was  by  the 
mouths  of  luirbers  and  cutters,  rather  than  of  the  phari«*^s  of 
tlie  colleges,  tltat  mediirinc  breatiiod  her  lowly  meiseage  to  her  child- 
ren. 
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BT  WILLIAM  SYDNEY  THaYEB 

[WUliun  STtfney  ThaTW.  Prorpwor  of  Cltaicsl  &ledicino,  JoIiim  HopWmi 
v(-nilv,    Itiiltininri-,  Mnr\'tHnt] :    AxKOcint*    Phv>initn,  Johns  Hopkin* 

Bitiil.  ibiJ.  b.  Milton,  MmwiicduwtU,  Jiinn  23.  IJMM.  A-B-  Harmrd,  18S5: 
[.n.  Urid.  1S89;  Btuitir'd  ID  Viptiitu.  Berlin,  UDi)  Fariu;  Huuw?  Physjd&ii. 
Maivinrhiiiietu  Ocntral  HuHpibil.  lti89~W:  Rcfiideut  Pliveioinn,  Johiu  Hop- 
kins Hospital.  18Dl~98i  Aagui;uite  in  MMUcine,  Jokus  Uopkiun  UDiveraitj'; 
1895-96;  .iswciata  Profeesor  (i(  MediciiuMftirf.  1S90-I905:  YlMtinz  Ph>«ici»n. 
Union  I*r')t«'j*lant  InGnn&ry.  Member  ( lionoraryt  o(  Therapeutical  Society  of 
HoMOw:  AMocifltion  of  Anierioati  Phpicians:  Uedicnl  nnd  CliiriirRicjil  VArutty 
of  MMyuuid;  American  AMociation  of  Pathologists  nnd  llilCt<'mIog:i^M ;  Wiuh- 
inKton  A<»dexaj  of  Seicftop*:  AmcricAn  Acadrmy  of  Arls  utid  Scicavco.  Author 
nTkt  Ualanal  Fevrra  o[  Baltimore  (witli  JoEui  Hcweteon) ;  Lectures  un  the 
Uttlariat  F«v«r».] 

To  recognize,  to  prevent,  to  protect,  to  heal  — these  are,  in  the 
broadeet  scose,  t^le  tasks  of  intcmul  modicine  now  as  ever.  But 
how  different,  are  the  problems  whinh  occupy  our  nttontion  to-day 
frurii  those  of  the  period  commeniorntetl  by  this  Congrea«.  Let  u» 
for  a  niometit  glttnce  buck  Kt  the  me<licine  of  the  close  of  the  eight- 
eenth ond  the  beginning  of  the  nineteenth  eonturios.  For  over  two 
hiindretl  years  the  blind  and  binding  faith  of  the  Middle  Ages,  the 
faith  that  had  so  long  fettered  the  human  mind,  had  been  slowly 
giving  w«y  before  the  forces  of  reason  and  tnith.  Nov  nnd  iigain 
Trith  ever  increasing  frcquenry,  greut  und  courageouB  minds  Imd 
risen  above  the  clouds  of  medical  tradition  and  dogma  which  bad 
BDiothered  the  underatnnding  and  re-itson  of  nmnltind,  as  if.  indeed, 
medicine  were  u  pnrt  of  the  religious  doctrine  wliicli  ruled  the  world. 
For  tnily  the  medioine  of  the  Middle  Ages  was  largely  e.  matter  of 
faith,  and  as  a  matter  of  faith  one  in  which  reason  beyond  a  cer- 
tain point  was  heresy  nnd  sacrilege.  Vesftlius  with  genius  and  cour- 
age had  begun  to  withdraw  the  veil  from  naked  and  iconoclastic 
truth.  Harvey  had  marie  his  great  discovery.  Glisson  had  demon- 
Btrated  his  theory  of  irritabiUly.  Mayow.  with  his  "Spiritus  nitro- 
aSreus, "  had  anticipated  the  discovery  of  oxygen.  Leeuwenhoek 
and  Malpighi  and  Hooke  had  opened  to  the  human  eye  the  realm 
of  the  inhnilely  small.  Bacon  and  Descartes  and  Newton  nnd 
liocke  bad  introduced  into  the  world  a  rational  and  natural  philo- 
sophy. Locke,  himself  indeed  a  wise  physician,  had  pointed  clearly 
to  the  true  path  of  medical  progress.  "Were  it  my  business,"  says 
he,  "to  understand  pbyuck,  would  not  the  safer  way  be  to  coa- 
Bult  nature  herself,  in  the  history  of  diseases  and  their  cure-'',  than 
espouse  the  principles  of  the  dogmatists,  methodlsts.  or  chymieta?" 
But  the  clouds  of  medical  tradition  tt'ere  slow  to  clear  away. 
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Gmdiially,  however,  the  first  "lonely  mountain  peaks  of  mind" 
vtTv  followed  by  no  ever  increasinR  numWr  of  euniest  and  un- 
tranimeled  etudents.  In  the  aeventeenth  century  the  opportunity 
lo  pve  one's  life  freely  to  the  search  for  truth  had  become  more 
mid  more  open  to  ull.  The  mysticism  Rtid  animism  of  Stahl,  which, 
in  the  early  part  of  the  eighteenth,  hung  over  the  mcdieal  world, 
was  already  breaking  away.  The  study  of  the  natural  sciences 
was  pursued  more  ciigcrly  sud  generally  than  ever  before.  Reau- 
mur tutd  Black  and  Hnllor  attd  Spallnnxani  and  Kunt«r  and  Priest- 
ley and  L&vniHier  hud  lived.  Morgagni,  sweeping  aside  the  dog- 
maUsm  of  the  old  schoob.  had  demonstrated  the  local  changes  in 
many  dimases  and  had  opened  the  way  for  the  objective  patholog- 
MbI  anatomy  of  Blchat.  In  the  field  of  practical  medicine  such  men 
at  Sydenham  and  Morton  and  Torti  and  Lancisi  practiced  and  taught 
imich  which  holds  good  to-day.  B(»erliaave  had  introdueed  clinical 
inrtmction.  Cullen  and  Cheyne  and  Huxh&ra  and  Pringle  and 
Heberden  and  Van  Swiotca  and  De  Haen  vrtre  all  in  many  ways 
trite  and  faithful  RfiuletitH ;  yet  methods  and  doctrines  that  were 
often  strangely  fantastic  still  held  general  sway  —  such,  for  la- 
ftance,  as  the  Brunonian  aystcra.  A  perusal  of  the  writings  of  Stoll, 
one  of  the  wisest  practitioners  of  his  day,  cannot  fail  to  impresa  one 
with  the  meagomess  of  the  tmsis  of  nnatomy  and  physiology,  normal 
and  pathological,  on  which  medicine  rested,  the  almost  entire  lack 
of  diagnostic  methods,  the  absence  of  a  rational  therapy  —  how 
much  of  the  conjectural,  how  little  of  the  scientifically  exact  there 
vas  in  medicine. 

Diagnosis,  based  largely  upon  gross  clinical  conceptions,  waa 
necessarily  vague  and  uncertain. 

Prophylaxis,  in  the  absence  of  any  certain  knowledge  of  the 
causes  and  manner  of  origin  of  disease,  was  devoid  of  any  sound 
basis. 

Treatment  was  almost  wholly  empirical,  and,  where  it  was  not 

etnpirical,  it   was  frequently   based  upon  some  theoretical  system 

»  arbitrary  and  dogmatic  that  the  unfortunate  sufferer  was  too 

stimulated  or  purged,  fed  or  bled,  aa  he  fell  into  the  hands 

Brown  or  a  Broussais,  rather  than  according  to  the  nature  of 

tiis  malady. 

In  the  Dirtionnflirc  de  I'Acad'iJmie  fran^aiftc  for  1789,  a  year 
which  marks  the  end  of  an  era  in  the  world  at  large,  one  finds  the 
rollowing  definition:  "M(^docine.  a.  f.  L'art  qui  enseigne  les  moyens 
tie  ron»crver  In  santfi  &  de  guf  rir  les  maladicis.  (La  m^ecinc  est 
iin  Art  conjectural.  *  *)"  Medicine  a  conjectural  artl  Such  was 
the  estimate  placed  upon  our  profession  by  the  French  Academy 
a  little  over  one  hundred  years  ago. 

But  the  seeds  of  a  new  life  had  been  sown  and  the  germination 
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had  ftlrCBiIy  begun.  Kven  as  thefie  words  were  written  Lavoisier, 
too  soon  to  full  &  victim  to  tbc  premature  explosion  of  the  forces 
of  penl-up  freedom,  wiis  in  the  ini<).st  of  his  great  work.  In  I79C 
came  the  introduction  of  vaccination  by  Jennei*,  and  but  a  fcvr 
years  later,  liichat  with  his  vrondcrfiil  genius,  took  up  the  thread 
dropped  by  Mort^iiKiii  and  placed  anatomy  and  phyaology,  normal 
and  pathological,  on  a  ba^is  of  accurate  ob8er\'ation  and  experi- 
ment. Hand  in  hand  with  the  introduotion  of  exact  mothods  of 
anatomical  aiid  physiolopcal  observation,  Auenbrugger,  in  1761, 
had  demonatrated  in  his  Inventiim  Novum,  a  method  of  physical 
invostigiition  which,  for  the  first  time,  enabled  the  physician  to 
determine  changes  in  size,  shape,  and  cooaietency  of  the  thoracic 
organs.  At  first  unnoticed  by  the  world,  this  important  discovery 
waa  destined  to  gain  a  sudden  general  reco^ition  in  the  early  daj'a 
ol  the  nineteenth  centurj'.  With  the  spread  of  knowledge  of  the 
gross  pathological  changes  in  disease  ^^'bit;h  followed  the  imspira- 
tion  of  Bichat,  the  work  of  Auenbru^;ger,  expounded  by  Corvisart, 
became  a  common  possession  of  the  medical  world,  and,  less  than 
ten  years  later,  Lafennec,  by  t-he  iutroduction  of  mediate  auscul- 
tation, opened  possibilities  for  accurate  physical  diagnosis  such  as 
had  not  been  dreamed  of  in  the  ages  which  hnd  gone  before. 

With  the  great  school  of  French  observers  which  followed  Lafen- 
nec,  Anih-al,  Chomel,  Louiu,  Buuiilaud,  and  Trousseau,  with  Skoda 
and  Schonlein  in  Germany  and  Addison  and  Itright  and  St4)kea 
in  England,  the  exaet  association  of  clinical  pictures  with  local 
anatomical  changes  mnde  great  advances.  Typhus  and  typhoid 
fevers  were  dicitinguished;  the  relation  between  albuminuria  and 
renal  disease  was  demonstrated  i  the  association  of  endocarditis 
with  acute  rheumatism  was  discovered;  the  corner-stone  of  our 
knowledge  of  cerebral  localization  was  laid.  Clinical  diagnosis  v&s 
becoming  more  than  a  conjectural  art. 

In  the  mean  time  physiology  was  making  great  strides.  Mnjeodie, 
Bell,  Johannes  MQller,  Beaumont  and  finally  Claude  Bernard,  and 
a  host  of  their  followcra,  were  shedding  light  upon  many  obscure 
corners  of  our  knowledge  of  the  vital  functions.  In  the  hands  of 
Miiller  the  microseojie  began  to  open  up  new  fields  of  study  whieb 
were  destined  in  a  few  years  through  the  cultivation  of  the  genius 
of  a  Virchow  and  a  Max  Schult^e  to  bear  a  noble  harvest.  The  "great 
reform  in  medicine"  which  followed  the  introduction  of  the  cellular 
pathology  laid  solid  foundations  for  much  which  is  most  vital  in 
our  anatomical  and  physiological  and  pathological  knowledge  of 
to-day.  and  the  ccfrrelation  of  these  ohservations  with  the  rwmlts 
of  accurately  recoixled  clinical  studies,  the  application  of  the  tmcro- 
scope  to  the  study  uf  the  urine,  the  sputa,  the  blood,  to  patho- 
lopcal  neoplasms,  to  exudates  and  transudates,  soon  brou^l  new 
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Euutenitl  for  llie  riaittg  edifice  of  a  rational,  exact  diagnoaia.  The 
sphygmograph,  the  thermometer,  the  ophthalmoscope,  the  laryogo- 
icope,  the  binauml  etethoHcope,  lIic  sloriiuch  tube,  the  various 
meJUiH  fur  stud^'ing  the  blood-pressure,  all  have  brought  their  aid, 
whilo  but  yesterday  the  di^overy  of  Roentgen  has  given  us  new 
and  unhoped  for  diugaustic  a^slaiice. 

At  the  same  time  physiological  chemistry  which,  with  the  work 
of  Berzclius  on  the  urine,  had  taken  its  place  by  the  side  of  the 
more  purely  physical  methods  of  investigation,  haa  year  by  year 
^ven  X19  greater  diugcostic  niuiistancc  in  the  unulysis  of  the  diiTorcnt 
wcrctiona  iind  excretions  of  the  body  and  in  the  explanation  of 
the  various  metabohc  proceseee  of  the  economy. 

The  develupnit^nt  in  the  hands  of  Duchenne  and  Krh  imd  Kcniuk 
of  electrical  diaRnusiH,  together  vitb  the  great  advances  in  physio- 
kgy  and  pathology  of  the  nervous  system,  has  afforded  explanation 
for  much  that  was  previously  incomprelieiisible  and  hnit  givoo  ue< 
pov-ers  of  diagnosis  A'hieh  a  few  generations  ago  would  have  seemed 
almost  magical. 

Finally  Paateur  and  Koch,  with  the  introduction  of  bacteriolog- 
ical investigation,  opened  the  way  to  the  discovery  of  the  eauaal 
a^ients  of  a  largo  group  of  infectious  diseases.  Theac  discnverien, 
followed  rapidly  by  the  evolution  of  methods  allowing  of  the  oliii- 
io&l  demonstration  of  many  pathogenic  microorganisms,  afforded 
an  early,  exact,  and  positive  diagnosis,  on  the  one  hand  in  conditions 
where  previously  the  disease  was  recognizable  only  at  a  stage  in 
n-faich  it  had  made  inroads  into  the  system  so  great  as  to  be  often 
beyond  relief,  as  in  tuberculosis,  &nd  on  the  other,  in  maladieti, 
llie  existence  of  which  «-ithout  these  methods  was  to  be  definitely 
determined  only  after  the  oneet  of  an  epidemic,  as  in  cholera, 
plague,  and  influenza.  When  one  thinks  of  what  the  lust  quarter 
of  a  century  ha»  taught  us  with  regard  to  tuberculosis,  anthrax, 
tetanU9,  diphtheria,  typhoid  fever,  cholera,  plague,  dy.tcntery, 
influenza,  not  to  apeak  of  the  grest  group  of  wound-infections,  we 
may  be^n  to  realise  what  bacteriological  methods  have  done  for 
diagnosis  —  how  many  diseases  have  been  cleared  up  —  how  many 
evmptotns  have  been  explained. 

In  like  manner  Laveran,  with  the  discovery  of  the  parasite  of 
malarial  fever,  did  much  to  bring  certainty  and  precifflon  into  a 
field  in  which  many  had  gone  astray,  while  opening  the  way  for 
the  important  observations  of  Tlieobald  Smith  and  all  the  know- 
ledge which  wc  have  gained  in  recent  years  with  regard  to  the 
hematoioa  of  man  und  animals. 

As  a  direct  result  of  the  introduction  of  bacteriological  methods, 
the  study  of  the  manner  of  action  of  infectious  agents  end  their 
toxic  products  upon  the  animal  organiBOi,  as  well  as  of  the  powers 
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of  rcsistunpe  of  the  cpoiiomy  iigujnst  infection,  has  giveu  U8,  with 
the  discovery  of  specific  agglutininea  and  prccipitines,  diagnostic 
methods  of  the  greateat  vahie,  not  only  for  the  recognition  of  vari- 
ous infectious  proccfuaes,  but  for  the  idenliflcatioa  of  specific  sera, 
affording  in  particular  a  test  for  human  blood  destined  (probably) 
to  prove,  when  properly  applied  and  interpreted,  of  great  medico- 
legal value. 

This  is  indeed  a  gain  over  our  knowledge  of  one  hundred  ycAn 
ago.  In  how  many  fields  has  the  conjectural  given  way  to  the  exacti 
At  the  end  of  the  eighteenth  century  the  diagnostic  effort  of  the 
phyncian.  unaided  by  instruments  of  precision  or  even  by  the 
simplest  phywca]  methode  of  auscultation  and  percussion,  was 
directed  toward  the  detection  of  gross  anatomical  changes.  To- 
day with  our  increased  knowledge  of  anatomical,  physiological, 
and  pBthoIo^cal  processe-s,  with  our  growing  inaght  into  the  chem- 
ical and  physical  features  of  vital  activity,  our  duty  no  longer  ends 
in  Ihe  rceognition  of  physical  changes  in  organs,  in  the  determina- 
lion  of  the  presence  of  a  epecific  legion  or  infection;  it  is  further 
our  task  to  eearch  for  the  earliest  evidence  of  disturbance  of  func- 
tion, which  may  later  lead  to  gro«aer,  more  evident  change,  to 
separate  the  physiological  from  the  pathological,  to  estimate,  as 
far  am  may  be,  the  power  of  resistance  of  the  diflerent  organs  and 
tissues  and  fluids  of  the  body  to  ineultH  o(  varj-ing  nature,  to  de- 
termine the  functional  capacity  of  a  ^ven  organ — its  sufficiency 
or  insufficiency.  In  addition  to  increasing  opportunities  in  the 
field  of  pathological  anatomy  wc  find  ourselves  drawn  further  into 
the  study  of  pathological  physiology  ~-  and  knowledge  in  the  field 
of  pathological  physiology'  leads  of  necessity  to  power  in  functional 
diagnosis. 

It  must  be  acknoM-ledged  that  with  regard  to  many  organ.s  the 
determination  of  the  limits  of  functional  power  and  the  estimation 
of  the  degree  of  impairment  in  diweasc  are  mattera  most  difficult 
to  appreciate,  yet  with  improved  methods  and  persistent  research, 
progresa  is  being  made. 

Wc  are,  after  nil,  but  beginning  to  rcftli:ce  a  few  of  the  po«uibil- 
ities  before  us,  but  even  this  is  a  step  in  advance  which  holda  out 
no  little  promise  for  the  future  and  offers  new  and  tempting  oppor- 
tunitie-s  for  study  and  investigation. 

At  the  end  of  the  eighteenth  century  but  three  important,  ra- 
tionally conceived  measures  of  prophylu-xis  had  lieen  practiced  — 
the  dietetic  measures  of  protection  from  scurvy,  the  older  inocu- 
lation and  Jenner's  great  contribution  of  vaccination  against  small- 
pox. It  was  not.  indeed,  until  the  development  of  bacteriology 
that  prophylaxis  took  its  place  as  a  acientifically  exact  branch  of 
medicine.    The  recognition  of  the  specific  cause  of  many  infectious 
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diseaaes,  the  knowledge  of  the  life-history  of  the  pathogenic  micro* 
nrgaiusTn^,  the  (^scovery  of  the  portals  tUrtnigh  wliii-h  tliey  gaia 
entrance  to  the  animal  scononiy,  and  the  (.-onditioDs  under  which 
infection  occurs,  have  brought  to  us  material  powers  to  prevent 
■ttd  protwt.  The  first  great  result  "f  this  new  knowledge  was  the 
dBvclopnwMil  of  iintiseplic  surgory  and  ail  that  it  represent*.  Bat 
apart  from  this  wc  have  but  to  remember  what  ha.t>  been  Ra,ined 
by  a  scientifically  evolved  prophylaxis  agaiust  tuberculosis  and 
typhoid  fcvfr  —  to  reflect  upon  how  far  cholera  and  plague  havo 
lust  their  t«rrora  —  to  contemplate  lh(f  brilliant  reeulUi  of  the  dis- 
covery by  Roes  and  the  Italian  school  of  the  life-histor)'  of  the 
nularift]  paraatcs  as  iniuiifcgied  in  the  luiti-malarial  mmpnigna 
carried  on  in  various  regions  by  Koch,  and  in  Italy  by  the  ^ciety 
for  the  Study  of  Malaria,  a  noble  institution,  of  which  our  Latin 
btother^  may  well  be  pnnid,  »nd  liislly  to  look  upon  the  bene- 
fieent  and  far-reai^hing  innuenee  of  the  recent  work  of  Kced  and 
Laicar  and  Carroll  and  Agramonte  with  regard  to  yellow  fever, 
to  realixe  what  hac-teriolngicnJ  and  p»raMtolo^cal  studie:*  are  doing 
for  preventive  medicine. 

But  beyond  this  external  prophylaxis,  the  studies  of  the  pro- 
blems of  immunity,  beginning  with  Pasteur's  inorulationii  against 
anthrax  in  1S8I,  have  given  us,  so  to  apeak,  au  internal  prophy- 
laxis, a  functional  prophylaxis,  if  one  will,  in  the  pomibility  of 
producing  a  greater  or  less  degree  of  indi\'idual  imraurity,  such,  for 
instance,  as  is  now  possible  in  diphtheria,  cholera,  plagiie,  typhoid 
fever,  and  dysentery. 

The  enforcement  of  scientifically  planned  and  accurately  de- 
duced prophylactic  meai!ure.s  has  beenmc  to-day  one  of  the  main 
duties  of  the  practitioner  of  medii'iue.  It  is  aa  much  the  task  of 
tl>e  ph\>ioiim  nowiiduys  to  guard  over  the  disposal  of  the  sputa 
of  his  tuberculous  patient,  of  the  excreta  of  the  siiffewr  from  ty- 
phoid fever,  or  cholera,  or  dysentery,  as  it  in  to  attend  to  the  im- 
mediate wants  of  the  invalid.  Uow  rapidly  hae  the  exact  rcplueed 
the  conjcetural  in  this  branch  of  medicine! 

But  while  diagnosis  and  prophylaxis  were  being  remo\'ed  from 

^'tbe  domain  of  conjecture  to  the  field  of  exact  obscr^-ation,  and 
reuoa,  and  rraearch,  while  the  poaRibilities  of  surgery  wer«  rapidly 
widening  through  the  discovery  of  anesthesia  and  the  introduc- 
tion of  aiiliiieptic  methods,  nitdical  Iroatmont,  until  the  hi»t  two 
decades,  still  remained  largely  empirical.  The  development  of 
exact  clinical  methods  of  observation  and  the  statistical  tabula- 
tion of  experience  for  which  we  an-  especially  indebted  to  Lacrmeo 
and  Louis,  and  their  follower*,  gradually  brought  about,  to  be 
sure,  many  advancea.  while  a  larite  number  of  useful  therapeutic 

jagcDta  introduced  by  the  newly  developed  science  of  pharmaoo- 
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logy,  and  exactly  t«6tcd  by  improved  mctho<lH  of  physiological 
study,  added  greatly  to  the  armamentarium  of  the  p)iy»iciiui  for 
(he  relief  of  symptoms.  The  power  to  combat  disease  specifically, 
bowever,  remained  much  us  it  was  iit  the  beginning  uf  tbo  c«atury. 
Mercury  iu  syphilis,  quinine  in  malarial  fever,  were  the  only  spe- 
cifics kiiowD  to  the  medical  world  —  and  the  action  of  these  was 
unexpIaiDed. 

The  introduction  by  George  Murray,  leas  than  fifteen  years  ago,  of 
the  treatment  of  m>TcedemB  and  allied  conditions  by  extracts  of  the 
thyroid  gland,  was  a  direct  applicatiou  of  the  results  of  physH 
ological  observation  to  llie  treatnient  of  disease.  If  this  gave  rise 
to  hopes  of  the  postubilify  of  obtaining  like  re-sults  from  roughly 
obtained  extracts  of  other  ductlees  glaads,  which  have  hardly  been 
fulfilled,  yet  the  discovery  was  the  first  step  toward  the  rational 
ccientific  therapy  to  which  vre  are  bcgimiing  to  look  forward  to-day. 

But  a  moment  ago  1  spoke  of  the  importance  of  the  influence  of  the 
discovery  of  the  uausul  tigciits  of  the  infectious  discuses  upon  the 
development  of  exact  diagnostic  and  prophylactic  methods.  Great 
and  impressive  as  these  have  been,  yet  tho  studies  which  have  fol- 
lowed as  to  the  manner  in  whirh  theNe  agents  act  upon  the  human 
orgaiiiHm.  and  of  tho  powers  of  resistanco  which  the  body  exertfi 
ogaiDfit  them,  the  investigation  of  tht:  pn^blomJS  of  immunity  have 
opened  nut  a  fiLr  n'ider  Jield.  The  early  studies  of  MetchnikofI  and 
Buchnor  and  Nuttall  were  followed  with  rapidity  by  the  epoch- 
making  work  of  Bchring  and  Kitasuto  and  Kou.^  with  regard  to 
tetanus  and  diphtheria.  The  diphtheria  and  tetanus  anutoxins  were 
not  chance  diseoverieB  of  empirically  determined  virtue,  but  true 
specific,  tUcrupeutic  agenta,  the  results  of  experiment  Hcicnlificully 
planned  and  carefully  prosccuti-'d.  Widespread  invest igatior^H  of  tlie 
various  phasw  of  immunity,  barterial  and  cytotoxic,  have  given  us 
in  a  few  short  years  a  ma^  of  physiological  knowledge,  the  full 
import  of  which  is  scarcely  yet  to  be  comprehended.  Few  tilings  in 
modem  nieilicine  are  more  impreHsive  than  a  surx'ey  of  the  work  of 
ihe  lai«l  twelve  years  dnne  under  the  inspiration  of  Elirhch. 

Beside  the  antitoxins  of  dij)hthcrin  and  tetanus  nnd  the  i>nn-er  of 
producing  a  greater  or  less  degree  of  immunity,  aa  has  already  been 
mentioned,  by  preventive  inoculations  against  cholera,  plague,  and 
typhoid  fever,  we  have  come  to  posaeits  a  bactericidnl  serum  of  a 
certtiin  value  in  combating  the  actual  disease,  plagiie,  while  the 
favorable  influence  of  Shiga's  anti-dysenteric  serum  seems  to  bo  un- 
doubted. Tliere  is  much  reason  to  hope  that  the  recently  promised 
anti-crotalus  serum  of  Noguchi  as  well  as  tho  anti-cobra  serum  of  Cal- 
racttc  may  prove  to  l>c  real  boon»  to  humanity.  But.  it  is  not  alone 
in  the  production  of  Hpecifie  anti-sera  that  the  therapeutic  value  of 
tlic  modem  studies  of  immunity  Ucs.  There  are  signs  which  justify 
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us  in  looking  forward  to  the  possible  discovery  of  mi  explanation  of 
ibe  mode  of  action  of  sulMlaiK«»  long  empirically  used,  knowledge 
U»e  value  of  wbich  may  be  readily  appreciated. 

Wbem  we  c<msicler  these  factit  it  is  indeed  easy  to  appreciate  to 
vbat  an  extent  Uie  exact  baa  drix'en  the  ooDJeclural  from  this  laat 
field  of  mudicinu.  A  hundred  yearn  ago  we  were  depleting  and  purg- 
ing and  Kwesting  and  bleeding  according  to  theories  often  strangely 
lacking  in  foundatiou,  the  prevalence  of  which  depended  rather  upon 
the  iiidivitluul  force  and  vigor  of  the  cxpotuder  than  upon  tlieir 
iatiiDsic  merit.  To-day  from  the  study  of  the  patholo^cal  pbyaio- 
iogy  cf  bacterial  and  cytotoxic  intoxicationH,  we  are  rapidly  evolvins 
seieoUfic  pre\-eDtive  and  curative  mensuren,  while  ^tearching  out  the 
rationale  and  mode  of  action  of  our  older  therapeutic  agents. 

But  afcwdayaago.I  happened  to  open  a  copy  of  Littr^  '  licarinK. 
bjr  a  curious  chasce,  the  date-of  1889,  aud  read  "M^decine  (m^-de- 
a-a).  1°.  Art  qui  a  pour  but  ta  conservation  de  la  sanlfi  et  la  gu^rison 
dn  mslndicfl,  et  qui  repoee  sur  la  ncience  dea  maladies  ou  patho* 
logie"  —  an  essential  modification  of  the  de&nition  of  one  hundred 
yeus  before  and  indieutive  of  the  changes  of  a  century. 

To  meet  the  manifold  problena  of  to-day,  the  training  of  the  phy- 
actan  must  of  hecesaiiy  be  very  different  from  what  it  was  a  hun- 
dred years  ago.   The  strong  reaction  whieh  set  in  in  the  earlier  iiart 
vl  the  ninetfcnth  century  iiguinnt  philosophicjil  generalization  in 
iDedicine,  the  ineistenpe  upon  a  alrict.  objectivity,  all  tht;  more  em- 
phatic because  of  the  prevalence  of  anatomical  methoils  of  research, 
have  held  very  general  Bway.    Medidne,  no  longer  resting  upon  a 
hasia  of  philoEuphical  speculation,  stands  upon  the  firmer  foundation 
of  the  exact  natural  9cienee?.  Almo.<tt,  from  the  hcKinning  the  student 
of  tt»-day  is  taught  methods,  where  a  hundred  yean?  .^go  he  was 
taught  th(n)rie».   The  enormous  cxpiitiMun  of  the  fiekl  which  mu.'*t  l>e 
Covered  has  led  naturally,  not  only  to  an  ever  increadng  gpecialiam, 
bwt  to  the  fact  that  the  rotirse  of  study  which  is  regarded  as  i)ropcrly 
fitting  the  pIiYsiciim  for  practice  is  reaching  backward  farther  and 
-fajtber  into  the  earher  yeara  of  hia  school  training.    On  the  other 
*innd,  in  this  country  at  all  e'\'ents,  there  is  heard  a  common  crj' 
^Hat  the  academic  mcdiciul   training  is  extending  over  into  years 
■**^hich  should  be  given  to  practice ;  that  the  expense  and  diira- 
^-ion  of  a  medical  ediirat ion.  socalled,  will  soon  be  such  as  to  shut 
*^ut  from  the  profe»sion  many  a  man  who  might  be  a  useful  phya- 
^ian  and  perhaps  a  valuable  contributor  to  the  world's  knowledge. 
To  remctly  lliis  it  ia  advised  that  the  prospective  student  of  medi- 
^'me  should  be  led  from  the  earliest  stages  of  his  trmning  through  the 
paths  of  exact  research  into  the  domain  nf  the  natural  HcieneBS  to  the 
greater  or  less  exclusion  of  the  classics  —  the  old-time  humanities. 

Dieliimnair*  it*  la  iangtie  franfoitr. 
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the  study  of  which,  uncftil  uk  it  may  be  from  a  stundpomt  of  fcencra] 
nu'iilfll  traiuiiig,  U  believed  hy  many  to  be  time  wasted  la  the  edu- 
cation of  the  fe-tudont  destined  for  a  scientific  «aK<^. 

Bui  there  arc  not  wuntinK  voices  which  question  Ihc  wisdom  of  the 
full  extent  of  Home  modem  tendcncicB.  May  the  affectation  of  too 
(rtrict  an  objectivity  bred  though  it  may  be  of  »  wholesome  skep- 
ticism, the  more  gcnerai  cultivation  of  the  natural  sciences  to  the 
ex«lusiou  of  the  humanities,  the  ee^rch  for  facts  and  facts  alone, 
circumBcribc  the  powers  of  synthetical  reasoning  without  which  the 
true  meaning  of  many  an  important  problem  might  pass  unnoticed? 
May  they  perhaps  tend  to  smother  the  tlevelof>mcnt  of  minds  capable 
of  grn^ping  large  general  problemA?  Do  the  tendeneie<i  of  the  times 
Justify  the  epigrammatic  observation  of  a  recent  French  author: 
"Autrefois  on  gtSD^ralisait  avcc  peu  de  falts  ct  beaucoup  d'idtSes; 
mninti^naiit  on  g^n^ralLie  avec  beaUcoup  de  faita  et  peu  d'idfes"? ' 

That  the  cultivation  of  a  strict  objectivity  m  reaearch  has  ma* 
tcriully  impaired  our  powem  of  rcoHon  —  that  the  cxucl  methods, 
wliich  are  largely  responsible  for  the  enormous  advances  of  the  last 
fifty  years  in  ail  branches  of  medifine,  have  bred  a  paucity  of  ideas, 
I  am  not  inclined  to  believe,  de-spiie  the  seductive  formula  of  our 
Gallic  colleague.  But  that  when  in  the  period  of  so-Called  secondary 
education  it  is  proposed  to  suhgtitute  the  study  of  the  natural  sciences 
for  a  good  training  in  the  humanities,  there  is  danger  of  drying-up 
some  of  the  sources  from  which  this  very  scientific  cxpanaiuu  has 
Rprung,  iieems  to  me  by  no  means  impossible.  The  study  of  the 
claaeics,  an  acquaintance  nith  the  i^houghls  and  the  ptUlosophtcs 
of  past  ages,  gives  to  the  student  a  cerliiin  breadth  of  conception, 
a  stability  of  mind  which  is  diflieult  to  obtain  in  anothH*  way.  A 
familiarity  with  Greek  and  Latin  literature  is  an  accomplisliment 
which  means  much  to  the  man  who  would  devote  himself  to  uny 
branch  of  art  or  science  or  history.  One  may  search  tonfi  among  the 
truly  great  names  in  medicine  for  one  whoso  training  has  been  de- 
void nf  thin  vital  link  l>etween  the  far-reaching  radicles  of  the  past 
and  what  wo  are  pleased  to  regard  as  the  flowering  branchee  of  to-day. 
Greek  and  Latin  are  far  from  dead  languages  to  the  CoDtinental 
student.  They  are  dead  to  us  because  they  arc  taught  ua  as  dead. 
With  methods  of  teaching  in  our  secondary  schools  equal  to  those 
prevailing  in  England  and  the  Continent,  it  would  be  an  easy  matter 
in  a  materially  shorter  period,  to  give  our  boys  an  inliiiiliily  broailcr 
education  than  they  now  receive,  Tliere  should  be  much  less  com- 
plaint of  time  M-arttcd,  much  Icsh  ground  for  suggesting  the  abandon- 
ment of  the  study  of  branches  which  are  invaluable  to  any  scholarly- 
minded  man. 

The  nsBenion  that  the  time  (spent  in  the  study  of  the  humanities 
'  Eymin.  il/»'«ten>ui  tt  fhiieaoj^t.  S",  Lyon,  1W3-I.  no  4  _, 
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resulln  in  the  end  in  the  encroachment  of  the  academic  training  upon 
a  period  whi«li  should  properly  be  given  to  one's  life-work  is,  it  aefuui 
to  me,  often  biuud  on  un  old  idea  —  founded  ail  too  firmly,  ulaa,  on 
methods  that  yet  prevail  in  many  of  our  mndical  schools  —  that  nith 
bis  degree  in  medicine  tlie  studeul  has  finiahed  s  theoretical  educa- 
tion, that  he  muirt  now  spend  five  or  (en  years  in  acquiring  oxpe- 
rience  —  at  the  expenj«,  incidentally,  of  the  public  —  before  he  can 
eoter  into  his  active  life ;  that,  therefore,  untese  gome  other  bnuichett 
of  early  ioMruction  be  sacrificed  to  courses  leading  more  directly  to 
medicine,  so  that  he  may  enter  upon  his  Btrietly  professional  pduca- 
tion  at  a  period  considerably  earlier  than  is  now  the  case,  the  phy- 
neiaji  of  to-morrow  will  become  self-supporting  only  at  a  period  ao 
late  in  life  as  to  render  a  medical  career  impomiible  to  other  then 
thoee  well  supplied  with  the  world's  goods.  With  proper  methods  of 
instruction  this  is  a  wholly  false  id<^a.  Under  fitting  regulution  of  our 
STBtem  of  medical  training,  tnth  due  utiliKation  of  the  advantages 
offered  by  boepitats  for  clinical  observation,  the  experience  necessary 
to  render  a  man  a  safe  and  competent  praetltioner  should  not  only  be 
offered,  but  required  for  a  lioenoe  to  practice;  and  even  if  the  length 
of  the  stfictly  medical  ctmiculum  be  extended  one  or  two  years 
beyond  that  which  is  at  present  customarj* ,  it  will  not  lx>  time  lost- 
If  one  but  look  around  him  he  nill  find,  I  fancy,  that  few  men  who 
have  had  such  a  training  wait  long  before  finding  opportunitic.'*  for 
Ibeutilizittion  of  their (icconipliehnicntB;  the  public  in  moist  invtuncee 
Mon  recognises  the  man  of  true  experience. 

But  tliere  is  yet  another  side  of  the  question  which  has  hardly 
been  eufficiently  emph««i2cd,  a  side  of  the  question  which  must  come 
atrongly  to  one's  mind  when  one  consider!)  the  general  education  of 
many  of  the  men  who  are  entering  even  our  better  schools  of  medi- 
cine, a  point  of  view  which  hais  been  (sspcciaily  insialed  upon  by 
a  recent  French  observer.    A  large  part  of  the  success  and  ueefulnesa 
Kut  the  prnrtitioner  of  medicine  depends  upon  the  inflnpnop  which  he 
«xcrta  upon  his  patients  —  upon  the  confidence  which  he  infuses  — 
Xipon  his  power  to  explain,  to  persuade,  to  inapire.   It  con  Marcely  be 
vienied  that  the."*  powprs  are  more  ensilj'  wielded  by  (he  man  of 
general  culture  and  education  than  by  one  of  uncouth  manner  and 
Xintrained  speech  however  briltinnt  may  be  hia  accomplishments  in 
the  field  of  exact  science.  1  can  do  no  better  than  quote  the  words  of 
Professor  Lemome:    "C'cst  qu'en  cffet  Taction  morale  qui!  peut 
«xercer  but  le  maladc,  ot  qw'il  exerce  d'autant  plus  qu'il  est  mip^ 
neurpar  son  intellectualiti^.esl.  un  des  principaux  ly^mentB  de  gu^r- 
ieon.  On  gii^rit  par  des  paroles  ou  raoins  autant  que  par  des  remMes, 
mais  encore  faut-tl  sA%'oirdire  cce  paroles  et  presenter  una  sutorit^ 
morale  RufTioante  pour  qu'elle;?  entralnent  In  conviction  du  malade 
et  rcmpUsseut  le  rdte  suggestif  qu'oa  attend  d'elles.   Ne  fut-ce  que 
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pour  cctte  raison,  je  me  nmgeral  parmi  ceux  qui  demaDdent  le  main* 
tien  d'^tudes  cla«siquoit  trSx  furtes  commc  preparation  ilt  cuIIch  dc  lu 
ni€decine,  c&r  le  meilleur  moyen  de  rehausaer  le  presti^  du  m6decin 
c'est  encore  de  I'^Iever  le  plus  poaeible  au  dessus  de  see  cooteinpo- 
rains."  ' 

These  words  expresii,  it  eeems  to  me,  u  large  meaeure  of  truth.  May 
it  iiot  be  that  in  ibe  tendency  to  the  neglect  of  the  tiumanities  vfe  are 
tiddnK  It  fjitse  step?  May  it  not  l>o  that  if,  on  the  other  hand,  we 
teach  them  earlier  and  better,  we  shall  find  in  the  end  that  no  essen- 
tial time  is  lost,  while  we  shall  gain  for  medicine-men  not  only  with 
minds  abler  to  gra8p  the  larger  ami  broader  problems,  but  with 
materially  fuller  powers  for  carrying  on  the  humbler  but  no  lees 
important  duties  of  the  practitioner  of  medicine? 

lu  that  which  I  have  jURt  »aid  I  have  touched  upon  the  necesaty 
ai  the  requirement  of  a  considerable  amount  of  cUnicrd  c:tx>f^ricnec  oa 
an  essential  for  the  license  to  practice  medicine.  To  meet  the  enor- 
mously increajted  demands  of  the  present  day,  medical  education 
has  become,  of  neeeasity,  much  more  comprehensive,  and  must 
therefore  extend  over  a  lunser  period  of  time.  The  methods  of  re- 
search, ajiatomical,  physical,  chemical,  which  the  student  must 
inaeicr,  the  instnimenls  of  precision  'Knth  which  he  must  familiarize 
himself,  are  almost  alarmingly  multifarioua;  and  experience  in  the 
application  of  these  methods  aad  in  the  use  of  these  instruments 
demands  increased  time.  Many  of  these  proceedings,  it  is  true,  the 
phywcian  will  rarely  be  called  upon  to  use  personally  in  practice,  for 
such  measures  must  in  great  part  bo  carried  out  by  spccitd  students 
or  iti  laboratories  provided  by  the  Government.  Neverlheleea  with 
their  Hgoificance  and  value  he  must  be  familiar  —  familiar  from 
personal  observation  find  experience. 

Out  after  all  there  are  few  diaRnostic  signs  in  medicine,  and  not  so 
many  af  the  improved  methods  of  clinical  investigation  yield  dia- 
gnostic results,  while  to  familiarize  one's  &elf  with  methods  and  in- 
struments of  precision  is  a  very  different  matter  from  acquiring  real 
experience  and  dkill  as  a  diagnostician  or  a  therapeutist.  It  is  only 
by  gathering  together  and  carefully  weighing  all  poeaible  informa- 
tion that  one  is  enabled  to  gain  a  proper  apprcciution  of  the^tuution 
and  to  approach  a  comprehension  of  many  oonditions  of  grave  im- 

'  I^dl!<.■(l  tils  moral  iiilluL'iic«  whici)  h»  (the  phyEJciao)  is  capable  of  erxerelft- 
ing  upon  tho  patit^ot  and  whlcli  he  excrcwes  to  an  over  increAVng  depM  iritlt 
hb  iutollcctual  Eupcriority,  is  one  of  tlio  moot  important  of  Ihmpoutic  aCBBta. 
One  hmb  l>y  words  ut  tcunt  lu  oiirh  m  hy  drugs,  but  one  must  Icnoir  lunr  to 
uny  ttinMR  vonU  and  to  pmyrflwr  n  MifTicienl  innrat  authority,  that  llwiy  mav 
\mng:  conviction  to  tlin  pHtiftit  and  eurry  tlu^  full  weight  of  auggnttion  whien 
U  intf  ndr>d.  W^re  it  but  for  thia  rnoaan  I  shall  mnge  mys«lf  ftinnng  thoao  who 
d<.-uiuud  the  nuiiTit«nBiic«  of  Fxtviiaivt?  oltutiicAl  studies  as  pirpuraticiii  for  thoao 
of  medicine,  for  thi-  best  iiieuti^  Ui  uphold  the  preetige  of  tliu  plnVictan  is  still 
t9  raise  Um  aa  fnr  as  powi1>!t^  olxive  l>i*  contetnporari«a.  Cotyret  franfai*  4^ 
mUttrnt,  Yi  awuPD,  Farii,  1&02,  b",  I.  u,  p.  xli. 
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port  to  tho  pfttieut.  And  in  forming  a  sound  judgment  with  regard 
to  theac  vital  questions,  that  which  comes  frnin  experieaco  in  the 
doae  personal  observation  of  the  sick  is  far  the  most  important 
dMDent.  Bedside  experience  constitutes  to-day,  as  it  always  has, 
and  alwayn  will,  the  main,  VKscntial  feature  in  the  training  of  the 
physician.  But  this  experience,  if  it  ia  to  bear  its  full  fruit,  must  be 
afforded  to  tho  student  at  a  time  when  his  mind  is  Btill  open  and 
a-ccptive  and  free  frooi  preconcwved  ideas  —  under  conditions  such 
lltal  he  may  be  directed  by  older  trained  minds  into  proper  paths  of 
obsen-ation  and  study,  for  few  things  may  be  more  fallacious  than 
experience  to  the  prejudiced  and  the  umrnlightened. 

That  such  experience  may  be  freely  offered  to  the  student  there  is 

a  grave  necessity  for  a  more  geneml  appreciation  by  institut  ions  of 

mwiical  training  aa  well  as  by  the  powers  in  control  of  public  and 

private  hospitals  and  infirmarieE,  of  the  mutual  advantages  to  be 

xaioed  by  a  cordial  codperation.    It  must  be  acknowledged  that,  in 

this  countrj-  at  least,  despite  the  cultivation  of  improved  methods  of 

clinical  investigation,  there  ^till  prevuik  in  the  mind  of  the  public  the 

perverted  idea  that  this  l>edHide  observation,  this  application  of  new 

methods  of  research  and  study  are  for  the  advantage  of  the  student 

or  in  the  interest  of  general  science  rather  than  for  tho  benefit  of  the 

rafferer  himself.    It  must  further  be  reeognized  that  a  wholly  mis- 

taken  conception  of  the  true  function  of  a  hospital  is  widely  prevalent. 

It  is  all  too  common  to  sec  lurge  and  ornate  institutions  with  every 

anangemcnt  for  the  comfort  and  even  luxury  of  the  patient,  ^th 

a  medical  staff  utterly  insufiicient  in  number  or  training  to  study 

properly  the  individual  case,  not  to  speak  of  carrying  on  seientifio 

irivestigations.    The  service,  usually  under  the  direction  of  a  busy 

tirivcn  practitioner  with  barely  time  to  make  a  short  daily  visit  — 

''KTge  wards  under  the  direct  control  of  one  or  two  young  men  whoso 

time  is  wholly  occupied  by  routine  work  —  every  care  taken  for  the 

V>TO!ent  comfort  of  the  patient  —  little  provision  for  enlightened 

^^udy  or  treatment  of  his  malady — no  opportunities  for  a  contri- 

'^'Vtion  on  tlie  part  of  the  institution  to  the  scientific  progress  of  the 

*^-ay.    Better  faj  for  the  sufferer  were  he  in  the  dingy  ward  of  an  old 

*Curopean  hospital  where  he  might  be  eurrounded  by  active, inquiring 

■Viinds  recording  the  slightest  changes  in  his  Bymptoms.  ever  ready  to 

detect,  and  as  far  as  the  power  in  them  lies,  to  correct  the  earliest  evi- 

*it?nces  of  pcrAcmion  of  function.    What  our  hospitals  need  ia  men, 

students,  whether  or  no  they  have  arrived  at  the  stage  in  their  career 

' —  which,  after  alt,  ia  but  a  landmark,  not  a  turning-point  —  that 

Entitles  them  to  the  right  of  independent  practice,  the  enthuGiastic, 

tlevoted  student  who,  in   watching  and   studying  the  patient,  Ja 

contributing  alike  to  the  interests  of  the  sufferer,  the  hospital,  and 

ItimsDlf, 
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The  three  main  functions  of  a  hoepital — the  care  of  the  ack, 
the  educutiori  of  the  physician,  the  advant-emeiit  of  scienM  —  are 
art  to  be  met  alone  by  building  laboratories  and  operaling-roomB 
aod  lecture-halls,  by  furnishing  the  refinements  of  luxury  to  the 
patient,  useful  adjuvants  tiiougb  theae  may  be.  What  the  lto«4))ital 
mainly  needs  is  men,  men  to  study  and  think  and  work  —  sludi-nis  of 
medicine. 

It  cannot  lie  denied  tbat  in  this  respect  we  id  America  are  behind 
our  cousins  of  the  Old  World.  Despit*  our  many  honorable  achiext- 
ment.8,  the  part  which  we  are  taking  in  the  modem  study  of  the 
pbyMido^'  of  disease  is  still  nnt  what  it  iiliould  be. 

Iltc  long  vre  must  como  to  realize  that  our  duty  to  the  sick  man 
C0Dsist.s  in  something  more  than  to  afford  him  that  which  most  nick 
animalii  find  for  themselves  —  a  comfortable  comer  in  which  he  may 
rest  and  hide  from  the  world;  that  our  duty  to  the  public  is  to  give 
them  as  phj-siciaxis,  men  of  the  widcjit  powniblc  general  training, 
ready  to  enter  upon  independent  practice  with  an  experience  euffi- 
eient  to  render  them  safe  public  adviacrs;  that  our  duty  to  ourselves 
is  to  miss  no  opportunity  for  the  study  of  patholu^ncul  phy»ology  at 
the  bedside  of  the  patient;  that  the  accompliahment  of  these  ends 
depend.s  in  great  part  upon  the  appreciation  by  our  universities  and 
hospitals  of  the  mutual  advantages  of  codperation  in  affording  every 
opportunity  for  the  eciontiBc  study  of  disease  while  offering  to  the 
patient  the  privileges  of  enlightened  observation  and  care. 

But  there  are  everywhere  ngna  of  a  future  rich  in  achievement. 
An  impronng  system  of  medicul  education,  the  increasing  oppor- 
tunities for  nt'ieiitifiv  rettearch  offered  as  well  by  the  generosity  of 
private  citizens  m  by  the  wisdom  of  state  and  national  goveramenta, 
the  community  of  effort  which  results  from  closer  follo\t'8hip  among 
etudents  of  all  nations,  are  omens  of  great  prnmL'^e.  The  remarkable 
'developments  of  the  last  twenty  years  in  all  branches  of  the  natural 
scicncos  have  brought  a  rich  store  of  suggeeticm  and  resource  for 
application  in  our  laborator^%  which  is  at  the  bedside  of  the  patient. 
Let  ug  look  to  it  that  our  clinical  methods  keep  pace  with  those 
which  are  yielding  bo  abundant  a  harvest  in  these  neighboring 
fields  of  scientific  research. 
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BTf  JAMEB  ;aCKSON   PDTWAM 

(Juwt  Jackson  Putnam.  Prof«sEor  of  Diseases  of  the  Nt^rvouB  S>'Bt«m,  Uarvanl 
VikIioI  Coll^KP.  Binco  1893-  t.  Boston.  Miu«a<!huH'>tt8.  OctnUr  3.  I84S.  A.B. 
IkrviLra.  If)6f.;  M.l).  lUrvArd  Medical  ^lool,  1SQ9.  I'liv»iciuii,  Mnaos^hii- 
trtb  Gptwnj  Hocpitnl.  IH'i;  Inntrttctor  in  Ditmnars  ot  Nrrvoua  Syst^ni^ 
Hkrvnrd  Mcfdical  College,  18r5-&3.  Mmibcr  of  tlic  Aiucrifon  Academy  o(  Arts 
•Dtl  Sojcdom;  Anii^ricnu  Mcditiil  Amoviittiou  ;  Atu«ricau  NeutDlQi^aw  Aneucut- 
tion;  Aaooialion  of  AniLTicun  Phvticiaiui  aod  Surgeons;  American  Aaaociatiou 
Tor  AdTanoenientot  Science:  3Ussacljiisetts  Mcidicai  Societv;  Boston  Sociely 
of  Medical  Sdenoes;  Boston  Society  of  I'ljctiintry  and  Xearology:  Boston 
Society  for  UedicaJ  Improvement.  Author  of  nuiiieioiw  uiodical  publiimtioaa, 
miimly  on  neurological  subjects.] 

The  subject  of  this  nddress  wil]  be  cooadered  under  three  heads: 

L  The  limitation  in  usefultiegs  of  those  methods  of  medical  invea- 

■i^tion  which  are  based  on  the  aasumptiou  that  disease  ie  alvays 

>  localized    prcM!e«8.     3.  The    i m portiinec   uf    the    part    played  io 

disease  by  readjustment  and  adapta.tion  un  the  part  of  the  or(;an- 

[isxn.  and  the  need  of  cultivating  physiological  conceptions  as  a 

'niean»  toward  a  projicr  understanding  of  tliese  professes.     3.  The 

impropriety  of  attempting  to  draw  fundamental  diatinclions  between 

"functional"  and  "organic"  disorders,  and  the  significance  of  the 

"ypothesis  of   "energies"  as    applied   to  living   organisms  and  to 

When  the  late  Professor  Virchow  was  chosen  to  deUver  the  open- 
'**K  &ddre«H  before  the   International  Congrestt  at  Rome,  in   1894, 
**«  f«cle«tcd  for  his  topic  "The  Anatomical  Principle  in  the  Study 
■*'    Ditwa,*"  [Morgaffni  und  der  A milomiBrM  Gtdanke"),^  a  doctrine 
^"^^  the  maintenance  of  which  a  great  portion  of  hie  own  long  and 
^t^Iendid  labors  bad  been  devoted.    The  anatomical  principle  was 
^oi  rwiceivcd  by  Virchow  in  any  narrow  spirit.     Its  tenets  were 
^*ial  disease  is  always  a  localised  process,  and  ought  to  be  suscep- 
tible of  expresiion  in  some  sort  of  anatomical  terms,  but  he  a»- 
■  B4rL  kl.  Woch.  18H. 
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&crted  that  tlie  search  for  tliis  process  might  be  made  as  projierly 
through  the  clinicjil  (.'xuirunHiion  of  the  puticnt  hy  tho  trjiined  phy- 
sician, together  with  a  careful  study  of  his  histmy,  &»  through  the 
scalpel  and  microecope  of  the  Baalomist.  He  admitted  that  the 
lime  was  still  fur  distimt  when  we  should  be  nble  to  discover  the 
whole  of  the  anatomical  evidence,  and  urged  that  the  inquiry  should 
be  extended  from  the  organs  to  the  tissues,  and  from  the  tissuca 
to  thf  cells,  iind  even  to  the  very  "vihil  functions"  themselves. 
But  he  insisted,  nevertheless,  that  in  some  sense  —  a  sen^  not  &a 
yet  strictly  defined  or  definable  —  every  disease  was  to  be  thought 
of  as  occiipjnng  ci re u 1 11  scribed  areas,  in  the  midst  of  tissues  for  the 
most  part  or  in  great  part  sound,  "f/fci  est  morbua  t"  —  "WTiere  in 
the  diseased  spot  to  be  found?"  — was  proclaimed  as  the  wat^-h- 
word  of  the  iuTestigalor,  wlule  «t  the  sflme  time  the  student*  0/ 
therapeutics  were  congratulated  on  having  found  means,  as  a  result 
of  anatomic  discoveries,  to  carry  local  treatment  to  portions  of  the 
body  luthorlo  regarded  as  out  of  reach. 

It  is  oeedlofis  to  attempt  a  recital  of  the  successes  which  have 
been  won  under  this  banner  of  anatomical  research.  The  princi> 
pie  which  the  great  master  Vircbow  proclaimed  was  one  that  hud 
appealed  and  still  appeals  alike  to  the  faithful  plodder  and  to  the 
man  of  genius;  its  history  is  the  beet  part  of  the  history  of  medi- 
cine during  the  past  half -century ;  it  has  been  the  best  thread  of 
guidance  since  the  history  of  medicine  begitn. 

The  value  of  the  anatomical  principle  has  b&en  quite  as  evident 
for  the  department  of  neural  pathology  as  for  any  other,  and  the 
devotion  tu  its  loaintcnancc  quite  as  strongly  marked.  At  the 
meetings  of  neurological  societies  the  pathologic  anatomists  ha\-e 
always  been  more  certain  of  an  attentive  hearing  than  investiga- 
tors of  any  other  sort;  in  the  direction  of  their  work  has  seemed 
to  lie  the  sure  and  trusted  path  of  progress  toward  a  better  under- 
standing and  a  better  treatment  of  disease. 

And  yet,  in  spite  of  all  that  has  been  accomplished,  there  are 
abundant  reasons  for  the  opinion  that  the  very  successes  of  the 
anatomical  principle  have  thrown  unduly  into  the  shade  the  claims 
of  another  mode  of  approaching  the  problem  of  disease,  without 
the  aid  of  which  anatomical  research  must  prove  inadequate  to 
the  task  which  has  been  impoHcd  upon  it.  For  tJiis  latter  prin- 
ciple, which  «mpha.<iizes  the  importanee  of  recognition,  in  disease, 
the  signs  of  more  or  less  widespread  modifieations  of  function  of 
the  organii^m  as  a  whole,  the  designation  of  "physiological  prin- 
ciple" is  appropriate.' 

'  ThcTO  Ivns  k*<>n  a  growing  t*nd*ncv  to  rpcoitii'BP  thr  imporlanoe  of  this 
MAndpoint,  anil  \e,ry  rvcantly  Profeeaar  VVolltow,  of  St.  Putewburg.  hiui  dcvoled 
an  uXAf  and  Choiiglitful  vstaj  to  »  twrics  of  (vimitti-nttioim  nimloi 
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Tlie  argiinwnt  is  not  that  the  nnatomjcnl  principle  is  faulty  be- 
atuK  it  has  failed  to  acrnrnplish  ull  ttmt  had  betra  hoped  of  it  as 
regards  the  diftcoverj-  of  the  eesential  nature  of  disease,  but  that, 
Doder  it,  e«rt&tn  local  aspects  of  the  diseaBe>proce8R  are  made  tli« 
t-xrlU5ive  subjocte  of  K»CJirdi,  and  thut  the  mind  is  thus  tuni«d 
Hidde  from  a  recognition  of  the  fa«t  th&t  an  equally  iinportiuit 
objcict  of  study  is  the  modilicAtioti  of  functioDnl  activity,  lui-iU  or 
p-nrnil,  which  msrka  the  efTurts  of  readjust meut  on  the  part  of 
the  organism  to  the  effects  of  the  primary  disturbiuice.  Such  h 
study  as  this  eonnot  be  adequately  made  without  a  thorough  uae 
rf  physiologic  111  methods,  or  of  clinical  methods  inspu^d  and  piided 
bjr  physiological  conceptions,  the  term  pbysiological  being  uiidcr- 
dood  as  including  all  means  of  research  which  throw  light  upou 
ihe  mechanism  of  the  processes  of  life,  Psj-chological  and  chem- 
ical investigations  belong  preeminently  in  this  categon*.  The  faint- 
beartednefiii  wUieh  moat  of  us  have  felt  In  searching  for  an  ana- 
tomical explanation  of  the  ^rcnt  neiirneee  and  p^^ychoees  has  not 
hem  simply  a  quailing  at  diflieulties  which  mtrc  tlienretictilly  sur- 
nuiuntable,  but  has  been  due  in  part  to  a  justifiable  suspicion  that 
»e  were  not  altogether  on  the  right  trnck,  Wc  have  striven  to 
ticket  ejicli  one  of  the  hirtorics  in  our  niwvl>ook3  with  an  anatom- 
ical designation  indicative  of  some  localiiod  pathological  process, 
but  we  have  realiwd  when  we  did  so  that  our  dcsignntinns  umially 
Ml  far  fhort  of  expreiHsing  the  whole  sitate  of  the  sick  man  whom 
we  had  b(^orc  us  when  the  history  was  made. 

The  widespread  feeling  that  no  invcstiKation  of  Hymptoms.  how- 
ever thorough,  could  give  us  the  sort  of  ini^ght  which  we  needed 
has  lc<l  MS  to  underestimate  the  real  value  of  such  inquiries.    If  the 
htudy  of  symptoms  docs  not  carry  um  to  the  heart  of  the  disease, 
neither  does  the  anatomical  study  of  the  difleaoe  carrj-  us  to  the 
lieart  of  the  symptoms.    In  fact,  a  thorough  inventorj'  of  symp- 
toms, that  is,  an  inventory  of  the  signs  of  disordered  functions  of 
•he  Iwdy  as  a  whole,  can   often  tell  us  more  of  what  we  wish  to 
Icnow  than  an  inventory  of  anatonucal  sipis  of  altered  structure. 
2io  auatomical  research  can  pierce  to  the  secret  of  broken  coordin- 
^t40DS,  and  yet  it  is  in  these  th»t  n  great  part  of  disease  begins, 
«r  comes  eventually  to  consist.    No  anatomical  research  can  help 
to  estimate  the  margin  of  resistance  against  strain,  and  yet  on 
be  eslimatton  of  thiu  margin,  for  each  individual  patient,  Lseueo 
depend  which  are  of  scientific  and  practical  importance.   One  man's 
health  is  verj'  different  in  quality  and  quantity  from  another  man's 
health,  though  the  two  men,  untested,  may  appear  alike,  and  the 
investigation  into  their  respective  powers  of  effectiveness  and  <rf 
nsstaoce  is  nften  n  vnlusblR  part  of  the  study  of  their  diseases." 
'  Fhyablogists  rocogniar  that  organs,  such  a«  tlio  iKart  (c/.  ibe  addreas  by 
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We  iMOdf  in  short,  to  Fuppltunvnt  our  rctscarcbcs  into  tbe  direct 
find  local  effects  of  a  given  lesion  by  a  study  into  the  more  or  less 
widespread  modiGcfitioQB  of  energy  which  the  orgaoism  cxliibit« 
UB  u  result  of  the  lesion,  und  which  it  ia  cuBtomuiy  to  designate  as 
indicative  of  an  attempt*  to  repair  the  damages  which  tbe  leeion 
bos  induced.  Wc.  iieod  also  to  leam  a  grcAt  dpjil  more  about  tbe 
gtuueia  of  symptoms,  even  though  we  miut  reumiu  ignorant  about 
tbe  genesis  of  what  one  would  call  disease,  in  an  anatomic  senae. 

The  eigna  of  readjustment  constitute,  in  fact,  all  that  we  cau 
really  learn  in  the  study  of  diBcose,  for  tbe  diseoae-prooesa,  cod- 
adercd  independently  of  them,  la  an  abstraction,  without  real  ex- 
istence. 

And  if  this  ia  so,  then  all  the  indications  of  this  process  of  read- 
justment are  proper  objects  of  our  study,  whether  they  be  of  the 
nature  of  symptoms  or  of  anatomic  marks,  whether  they  concern 
epecial  localities  and  organs  which  are  the  seat  of  primary  "les- 
ions," or  other  parts  standing  in  functional  relationship  to  them, 
and  even  thouf^  they  point  to  chanf^B  which  are  not  to  be  claAsed 
&a  morbid,  but  rather  as  modificationa  favorable  to  health.  The 
relictions  after  a  so-cultcd  "hcjilthy"  faiif;uc,  which  often  lead  to 
new  and  better  powers  of  enduranoe,  would  be  of  this  latter  sort, 
and  the  same  la  true  of  those  reactions  through  which  immunity 
»  secured  after  infectious  disease.  At  such  point»  as  these,  "dis- 
ease" and  "health"  touch  hands,  and  it  becomes,  indeed,  ondont 
that  neither  disease  nor  health  is  a  delinitc  condition,  but  that  both 
of  them  are  movement?  toward  some  relatively  endurable  equi- 
librium,' fl  goal  which  is  never  fully  reached. 

Of  course,  to  a  cert^ain  ejttent,  investigations  of  thin  sort  arc  daily 
made  by  everj-  ntudent,  but  the  question  is:  In  what  direction  is 
it  now  most  important  that  the  emph&^s  of  research  should  be 
thrown  and  si^icnttfic  instincts  developed?  Imitation  and  fashion 
play  a  large  part,  even  in  scientilic  investigation,  and  the  almost 
uiiivereal  tendency  to  bend  all  energies  to  the  search  for  the  phj-s- 
ical  evidence  of  localized  lesions  has  led  too  often  to  a  disregard 
of  di^urbartcee  usually  clae^fied  as  functional.  Not  only  is  it  es- 
sential that  "clinical  medicine"  should  be  studied  in  the  light  of 
"physiology,"  but  the  field  of  morbid  psychology,  which  now  lies 
unlilled  save  by  a  few  etudente,  is  one  of  the  utmost  practical 
importance  for  each  practitioner. 

Welch,  cited  below)  are  able,  undnr  spedal  stimulation,  to  work  with  mot»  titan 
u«tial  cffoctiveoMs.   This  cxtm  force  u  called  "ph^wologicrBserre." 

'  Ttii?  miTd  "attempt"  and  othen &f  like  meuungan  hore  used  not  ina  tele- 
olojpe,  tint  aalv  in  a  d««criptiv(-  Mrnse,  for  it  M«ina  plain  ttiat  w  ra\at  folloir 
tbe  pxaiTipIn  n(  tlui  biologJRs  vrhn  hnvf  utiiiiied  tiia  problrnw  of  (trowtli  nnd  of 
repair  (coiTipaiD  Tltonuui  Hunt  Motkoti,  "  IVgRnRnition  ")  and  admit  that  tliMvi 
it  no  jiwlilifiition  tor  oMumiiuc  o  »prcinl  vi»  mcdAcatrix  nottiritr.. 

*  "  Stationaiy  EquUibrium.^'   CUatwald,  Die  fbiiomjAie  dcr  iVofur.) 
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We  can  hardly  treat  a  patient,  no  matter  with  what  be  may  be 
suffering,  ^\'ithout  huvinf;  to  reckon  on  the  vast  and  cumptcx  part 
vhieh  his  mental  attituilo  will  play  io  controlling  the  result.  In 
many  instances,  indeed,  the  physician's  success  depends  upon  the 
tJcil)  with  which  he  makes  thie  estimate,  Yet  hovr  rarely  is  it  8yi»- 
t«a)atically  and  consciously  made,  under  the  guidance  of  any  de- 
finite principle,  and  bow  gladly  would  most  physicians  crowd  out 
of  sight  the  necessity  for  nmkitig  it  at  all.  A  niuu  meets  with  an 
mjurj'  attended  with  great  nervoiiB  shock,  and  the  neurologist  is 
ready  enough  to  spend  infinite  pains  on  the  study  of  the  necrotic 
treos  iu  his  epinul  curd,  but  is  upl  to  overlook  the  fact  that  this 
localized  proccaa  does  not  explain  why  he  has  at  the  same  time 
Iwt  flesh  and  strength  and  color,  and  has  become  the  football  of 
his  deliisious  and  his  i^utv.  The  data  gathered  by  psychologists 
Hod  phymologistB,  and  the  principles  based  thorpon,  count  for  but 
little  in  most  assemblages  of  neurologists.  The  reaxon  UHUally 
gireo  for  this  disregard  of  psychological  and  physiological  data  is 
the  insufficiency  of  our  meane  for  the  verification  and  interpreta- 
tion of  them.  But  this  fear  should  not  hold  us  back  from  making 
tbe  attempt  to  utilise  these  facts,  for  the  same  micertainties  attend 
aaatoinic-  rcscBrch  th«  moment  wo  endeavor  to  use  it  for  probing 
Ibe  eosentiai  problems  of  dixeuBe  and  life.  The  confusion  attend- 
ing the  recent  discupsiona  over  the  neuron  theory  and  the  real  Bcat 
ofoeurikl  cnerg}'  both  jui<tify  und  illustrate  this  statement. 

This  attitude  toward  the  problem  of  disease,  which  claimfi  path- 
ology as  a  special  department  of  physiology,  is  essentially  the  atti- 
tude of  Wolkow,  to  %vhow  ^tiriiulaltng  essay  I  have  alluded  already, 
and  it  is  al^o  the  attitude  of  Dr.  Hughlingit  Jackson,  of  London, 
whose  brilliant  studies,  stretching  hack  for  nearly  half  a  century, 
ixiark   him  as  foremost  among  the  advocates  of  the  phywologioal 
Knethod  in  neurological  research.    Professor  Welch.*  of  Johns  Hop- 
leans  Univemity.  has  recently  mudc  fiuhslantially  the  same  claim 
in  hia  addrefts  upon  ".Adftptation  in  Patholo^c  Processefi,"  draw- 
'X3g  his  illustrations  from  the  department  of  genernl  pathology. 
"^^ervi-om*  takes  the  name  patition  when  he  speukii  of  diseases  aa 
**tiiiiuli  (Reite),  which  alter  the  eoiiditiona  under  which  life  is  car- 
■^«d  on.  thereby  adopting  Virohow'a  de-signation:    "Die  Krank~ 
■'^^  ia  das  Ltben  unltr  vcrdndvrten  Zusidndrn." 

The   physical    changes   which    the   organism    undergoes   in   this 

l^WceaB  of  adaptation  may  be  few  and  slight,  and  mainly  local,  or 

*-fcey  may  be  bo  broad  and  numerous  us  wholly  to  overshadow  the 

■^ona  by  which  they  were  sot  in  motion.     In  illustration  of  this 

*i verahadowing  of  the  direct  effects  of  a  lesion  by  the  ppoeejwes  of 

'  Trwiai»et{«n»  of  tht!  Con^cnatt  of  Anverican  PliyaicUna  aud  Sui;gM)iia.  lSf)7. 
*  S(rf.  tf.  WocA,  teoi,  DO.  9,  and  cthor  papers. 
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readjustment,  I  will  mention  three  instances  of  widely  different 
florts,  yet  amilar,  i\s  I  think,  in  principle.  TJiese  are:  First,  myxe- 
dema; next,  the  vast  changes  that  sweep  through  the  organism  aC 
the  great  climacteric  epochs  of  acloleacence  and  the  menopause ;  jtnd 
finally,  those  Icindrcd  processes  of  metamorphosis  by  which  through 
ciutraiiun  tlic  bull  is  converted  into  the  ox. 

In  all  these  cases  we  see  two  tendencies  at  work,  the  one  suggest- 
ing disease,  or  fnilure,  the  other  pointing  toward  the  establish- 
ment of  a  new  sort  of  eqailibrium,  containing  well-marked  elements 
of  etabihty  and  health.  Is  not  the  controlling  principle  in  tbeso 
ineiaiiees  analogous  to  that  under  which  the  neuter  bee  ia  con- 
verted into  the  queen  beo  through  a  change  in  nouriehnient,  or  that 
through  which  somo  of  the  lower  forms  of  marine  uniniiiU  arc 
altered  in  type  by  gradual  removal  from  aalt  into  fresh  water,  or 
by  sonie  kindred  modlGcation  uf  the  chemical  constituents  of  the 
fluidb  by  which  tbcy  are  surroundcdf 

The  conservative  phyKiciai)  is  usually  diHiiiclined  to  admit  bio- 
logical principles  as  applicable  to  the  problem  of  disease.  Yet,  in 
fact,  it  is  just  in  this  direction  that  ow  search  should  tend,  and 
when  we  see  complex  disorders,  such  as  Graves's  disease,  or  even 
certain  types  of  neurasthenia,  of  tmknown  primary  lesion  hut  with 
boats  of  secondary  physical  and  neural  signs,  wc  tOiould  remember 
the  processes  I  have  cited,  and  should  hesitate  before  stamping 
summarily  as  "disease"  modifications  of  structure  and  function 
wliieh  doubtless  represent,  in  part,  uiovementa  toward  a  new  and 
relatively  stable  existence.  Who  can  doubt  that  we  oiu-selves, 
regarded  from  another  point  of  view  than  our  own,  are  tiefective 
and  mutilated  beings,  who  have  sacri&ced  much  to  gain  the  faculties 
which  wc  ju:itly  regard  as  so  important?  _ 

This  would  be  a  proper  place  to  mention  in  detail,  at  least  by  f 
way  of  illustration,  some  of  the  more  iiuporlaut  contributions  made 
by  phy.iiolo^ists,  peyeholo^sts,  and  biulogJsis,  which  have  throuti 
light  upon  the  clinical  problems  of  compensation  and  adaptation. 

I  have  already  referred  to  the  principle  of  "physiological  reeerve" 
force,  as  ntilixed  by  Welch  in  biti  important  addr(»<8,  and  epeak 
of  it  here  again  only  as  pOBably  helping  to  explain  the  numeroua 
instances  where  the  organism  shows  the  power  of  fostering  certain 
of  the  futirtiorii*  of  the  neHi'OUs  system  at  the  expense  of  other 
manifestations  of  its  life.  The  case  of  the  runner  from  tho  field  of 
Marathon,  who  brought  his  mea^age  tn  .Athens  in  spite  of  the  guth- 
aring  dissolution  which  laid  liim  dead  in  the  market-place  at  the 
moment  of  his  arrival,  ia  a  striking  illustration  of  a  principle  which 
18  of  frequent  appUcation. 

Thus,  the  disarrangements  of  the  nervous  system  that  are  liable 
to  follow  nervous  shocks  of  some  severity  are  sometimes  ver>*  late 
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ti  making  their  ftppearaiici?.  &nil  in  th»  iiiter\'al  the  patient  may 
ippear  as  if  uiiuffwtcd  by  tKe  experience  through  wiiich  he  has 
ju«t  pasted.  The  final  "breakiiig-down,"  due  to  prolonged  strain, 
it  often  Binulariy  postponed,  only  to  coom*  on  eventually  with  great 
fuddenncM!. 

The  fact  is  often  overlooked  that  there  is  an  analogous  "latent 
[eriod"  in  the  early  sljiges  of  toxic  affecttonB,  when  the  symptoms 
are  masked  by  this  strong  trndenry  on  the  part  of  the  organism 
to  continue  offering  an  unchanged  front  in  renponRe  to  the  calls 
ti  tiie  environment.  Thus  n  pnticnt  who  \s  expoeed  to  lead  or  alcohol 
may  retain  the  power  to  use  his  weakened  ncn.-e!i  und  nui9cles  for 
1  long  period,  until  finally,  under  some  slight  additional  strain, 
tomptete  disability  suddenly  makes  ite  nppenranes. 

It  is  appiiieotly  this  same  intense  insliitct  to  present  »  functinnally 
adequate  front  to  the  demands  of  the  environment  that  enables  the 
hysterieal  patient  whose  vision  is  failing;  to  retain  the  accuracy  of 
the  ceniru!  field,  and  guides  the  braiii  in  the  reassertion  of  itK  powers 
iftcr  injurj'.  The  compensation  in  many  cases  is  so  complete  as  to 
leave  no  trace  of  the  primary  Iohb.  although  Bome  relatively  slight 
idditional  lesion  may  make  it  clearly  evident.  This  is  illuKtrated 
by  the  interesting  comiH-nsatory  relationship  Ijctween  the  sensorj' 
motor  functions  of  the  cerebral  cortex  and  those  of  the  Aeraieircular 
ranala  discovered  a  numl^er  of  years  ago  by  h'wald.  * 

It  18  as  difTiciilt  to  explnin  adequately  why  it  is  that  the  organism 
thus  seeks  to  reassert  itself  on  the  old  tines,  in  a  physiologioal  sense, 
as  it  is  to  tell  why  the  lower  animal.'*  are  able  to  make  good  the  loss 
erf  importont  parts  and  organs,  even  those  of  the  interior  of  the 
body,  with  regard  to  which  the  "habit"  of  restoration  cannot  have 
"been  acquired  ihnnigh  evolution. 

Many   partial  explanation?,  such  e»  those  indicated   by    Loeb 

Under  the  name  of  "tropisma."  arc  indeed  of  value,  but  MorRan,' 

^ter  reviewing  with  greal  rare  the  evidenre  at  hand  for  the  case  of 

*  berest-oralionof  the  lost  parte,  declares  that  a  saliafactory  csplaaa- 

*.ion  ia  there  impowdblo.    One  important  reason  for  arriving  at  this 

^sonchu'ion  is  that  it  ia  by  no  means  invariably  true  that  in  the 

S^xocees  of  restoration  the  interests  of  the  organism  as  a  whole  are 

vsonsulted.    Id  repair,  as  in  de\'elopment.  the  results  are  often  (from 

the  standpoint  of  the  ordinary  observer)  monstrous  or  grotesque. 

-^nd  so,  too,  in  human  pathology,  the  processes  of  compensation 

^nd  readjustment  seem  sometimes  to  work  dietinctly  toward  dia- 

^a.ie  instead  of  health.    Nevertheless,  these  proeeasee  must  remwn 

the  main  subject  of  our  study,  and  the  principles  underlying  them 

^U9t  be  rc-stiited  more  and   more  broadly  in  physiological  and 

philcoophical  terms,  before  a  unifying  conception  can  be  reached. 
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It  ifl  to  the  clear  ioaigbt  of  HuKblmgs  Jacksou'  that  we  owe  some 
of  the  most  fniitful  suggestions  us  to  the  mode  in  which  aymptoms 
of  disease  uriBC  when  the  nnrinut  liiiiaii>(>E>  lietween  the  vahouH  riini*- 
lions  of  the  nervous  eystem  haa  been  broken.    New  light  has  been 
thrown  OH  many  of  the  phenomena  of  which  he  spcuks  by  the  phy- 
siologists who  have  warked  on  the  vast  suhj&ct  of  inhil)ilion,  Hnd 
the  effect*  of  a.  disturbance  of  the  interplay  between  iiiliibition 
and  excitation.    The  numes  of  Meltzer,'  ShcrriD^uR.  Uiedertnann. 
and  Wcdenski'  cnme  to  mind,  eapecially.  in  this  connection.   Never- 
thelcsB,  the  fundamental  principles  which  Uugblinga  Jackson  so 
long  ago  expressed   retain  for  the  most  part  their  viilidity.      He 
moAo  it  clear  that  the  Kignii  and  symptoms  met  in  di»eai>e  are  of 
dual  origin,  that  portion  of  them  which  is  due  to  a  lesion  such  as 
we  might  expect  to  rlcmonstrfH e  wiatoniically  being  oflon  the  lew 
conspieuoUB  pari,  while  the  more  conspicuous  part  is  du©  to  the 
vital  energy  of  the  uninjured  renininder  of  the  nervous  system, 
acting  without  due  control  and  yet  with  rcTerence  to  such  co5rdinn- 
tion  as  IB  Klill  in  force.    Special  and  reciprocal  voijrdin&tion  of  this 
sort  exist  between  the  ccrulwllum  and  the  cerebrum,  so  that  the 
special  tensions  and  characteristica  of  either  one  is  liable  to  come 
singly  or  preeminently  into  play  when  the  aciivity  of  the  other 
suffers  a  check.    The  disorders  thus  set  up  form  "complementary 
invCTnes"  of  each  other.    Similarly,  when  any  portion  of  the  nerv- 
ous system  is  damngcd,  there  are  aigns  of    defect,  or  "negatn-e 
symptoms,"  due  to  impairment  of  the  more  highly  coftrdinated 
functions  of  the  part,  concerned  and  related  parts,  and  signs  of  over- 
action,  or  "poaiti\'e  symptoms,"  due  to  uncompensated  activity 
of  the  functions  of  "lower  levels."  M 

These  "positive  symptomis"  mi^bt  be  classified  simply  aa  if  diM) " 
to  unchecked  lilwration  of  energy,  or  ha  attempts  at  compensa- 
tion (in  a  duly  qualified  sense)  on  the  part  of  the  organism  as  s 
whole.  Sometimes  the  phenomena  which  seem  at  first  ftlant^e  to 
bear  the  .itamp  of  "diaeaae"  are  really  better  classifiable  as  of  con- 
servative or  compensatory  nature,  while  under  other  circumstances 
the  rcvorne  may  also  be  the  truer  Btatcmeut.  Thus  Strohntcyer* 
has  pointed  out  how  "compulsive  ideas"  may  sometimes  have  a 
value  for  the  mental  health  of  the  patient,  and  Hughlings  Jackson 
has  suggested  an  explanation  for  the  fact  that  motor  convulsions, 
in  epilepsy,  may,  at  least,  be  less  injurious  for  the  nkental  con- 

'  Th«  first  lecture  of  "Ha|;h1in;^  JAC-kson  Coiiik,"  delivcivd  in  jMniMtr.  18M, 
contitins  ft  brief  outline  cf  ttic  importoiioc  of  his  KrniTntli»tioa«.  {LanetS.  JuiuaTy 
8.  ISBB.) 

'  \fid.  Rfc,  JiMip  7,  1902.    "Tln'  RAlf  of  Inhibilion  in  tlw  N'onnal  and  Son 
«( ihi*  PHtholoctcttl  Phi'Domcna  o(  Ll(p.  and  Other  Papers." 

>  PflUBcr'B  Areh.  }.  rf.  (?*«.  Phymol.  1000. 

•  "Till.' CorKvplioii  of  Comniileive  Idi-ae  as  a  Saff^ciiarH  N«ur<oeb"  ("Abwrfiii 
DeuiOMn"),  CU.  /.  Ncrt^mhfitkund*  u.  PinfrJt..  vol.  xiv,  ItKO. 
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£tion   of   tlve    patient   than    (he  wetningly  lees  seriotis    peyctuc 

«C)2UT«8. 

We  ove  also  to  HuKlUings  Joc-k^on  t)ie  generalization  thai  lesions 
irhioh  occur  suddenly,  and  throw  out  of  gear,  as  they  are  bouLd 
lo  do,  the  more  delicate  of  the  functions  represented  in  th«t  part 
of  the  nervoua  system  ohicli  is  eouceraed,  are  likely  to  Im  followed 
by  ^mptomg  of  a  more  violent  sort  than  those  which  take  place 
tiowly.  ThuB,  the  epileptic  discharge  accompanying  a  lection  »o 
slight  as  to  leave  no  rccognizabtc  anatomic  trace  behind  is  liable, 
by  virtiie  of  itu  euddinnct^a,  tu  give  rise  to  a  maniacal  outiireak, 
which  reppcBCnts  the  uncontrolled  activity  of  relatively  uninjured 
porlioDH  of  the  brain .  while,  on  the  other  hand,  Icsiou  which  auutom- 
icolly  may  appear  iafinit«ly  more  oerious  arc  accompanied  by  no 
such  outburst.  DiEerent  forms  of  epileptic  dincharge  and  their  sec- 
(ad«r>'  results  differ  widely  also  among  themselves  in  these  respects. 

These  hypotheses  are  in  need  of  further  analyais  and  should  be 
t«9ted  anew  by  neurologists  trained  in  phyaological  methodfi. 

Reasoning  im  linn;  similar  to  those  laid  down  by  Hughlings  Jack- 
son, Edward  Cowles  has  recently  sought  to  unify  the  vuriuuit  mem- 
bcn  of  tho  large  class  of  the  psycho  neuroses  of  exhaufltiun,  or  of 
lowered  mental  tension.  Thus  the  different  phai<ei<  of  manie-de- 
preeoive  Insanity  are  not  due,  he  thinks,  to  separate  and  specific 
pfoeweee  for  which  we  might  expect  to  Bnd  special  chumic  or  ana- 
lomle  expresuons.  one  process  leading  to  excitement  and  another 
to  depreasion;  but  theae  phases,  which  in  fact  are  often  mixed,  are 
phenomena  of  secondary  occurrence,  and  are  explicable  on  prin- 
ciples analogous  to  those  outUned  above  aa  indicating  the  genesis 
if  epileptic  mania. 

Some  of  the  principles  brought  out  by  Hughliiigs  Jackson  are 
qoite  ID  harmony  with  those  insisted  upon  of  late  years  by  a  re- 
]ati\-cly  Mnati  group  of  obacrvera,  abroad  and  at  home,  who  have 
rougbt  psychologic  investigations  to  the  aid  of  clinical  tie!«earch. 
1  have  especially  in  mind  the  fine  work  done  by  such  men  as  Janet 
and  Freud  in  Europe.  Morton  Prince  and  Sidis  in  America,  not  to 
Sfetk  of  many  others  who  have  labored  in  the  aame  field.  To  them 
we  owe  such  knowledge  as  we  now  pos.'wss  of  the  contrast  between 
the  dieaociation  of  conscioUBness  so  characteristic  of  hysteria,  and 
of  the  contrast  between  this  t^^dcncy  and  that  which  gives  rise  to 
the  complex  and  varied  mental  phenomena  of  asthenic  stAtes.  or 
to  the  temporaf)'  and  quasi-normal  disturbances  of  daily  life. 

It  would  be  im{>ossiblc  even  to  name,  in  u  few  paragraphs,  the 
many  clinical  researches  tending  toward  a  belter  understanding 
of  mental  symptoms,  for  the  prosecution  of  which  a  knowledge  of 
psychological  and  ])hysiolo^ca!  generaltxationa  is  csscntiaL  A.  few 
illustrations  must  suffice. 
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llius,  in  every  movetiwnt  leading  to  exact  thought  and  exai-t 
Bxprpsaion.  in  every  movement  of  the  memory,  vast  numbers  of 
mpntal  processes  must  cabiJcrnle,  and  if  the  outcome  is  to  be  effect- 
ive, this  cooperation  must  be  governed  from  the  outaet  by  a  lead- 
ing idea  as  a  ruling  motive.  The  failure  of  this  ruling  idea  leads  to 
the  wayward  Bight  of  thoughts,  so  characteristic  of  various  fonriB 
of  mental  weakness,  as  has  been  pointed  out  by  Uepmaim. '  The 
psychological  bearing  of  thia  principle  has  repeatedly  been  insisted 
on  by  the  ke*n  psychologist,  Bergson,  both  in  his  work  on  raemory 
and  matter,'  and  in  o  more  recent  essay.* 

The  psychological  reE^earcben  into  habit  and  tct  are  likewiae  of 
practical  importance.  The  lavs  of  habit  describe  the  tendencies 
under  which  the  varied  reactions  of  the  nervous  sj-irtem  ivcur  vmdcr 
forms  which  are  really  stereotyped  and  predetermined,  although 
siuiulfttiiig  the  purposive  reaction  of  health,  and  often,  only  with 
difficulty  to  be  dislinguiehud  from  I  hem.  The  terra  "wt  "  describes 
the  process  by  which  the  reactions  of  every  individual,  beside  their 
purposive  significance,  receive  a  form  and  coloring,  which,  ia  a 
measure,  reflect  the  general  characteristics  of  the  personal  life  of 
the  actor,  his  temperament,  his  racial  traditions,  his  education. 
It  indicates,  as  ha*  been  justly  said,  the  "«ignature"  in  the  mus- 
icii.  teoM,  under  which  the  movement  of  his  bfe  goes  on.  The 
"set "  of  each  patient  must  be  understood  before  hie  illnesses  can  bo 
mRHtered.  In  the  ntudy  of  these  important  l&vn  psychologists  and 
neurologists  can  leud  each  other  mutual  support. 

If  a  further  illustration  was  needed  of  the  way  in  which  a  refined 
Study  of  phvKiology  and  psyrhology  can  be  made  of  the  highest 
use  to  supplement  anatomic  data,  in  affording  a  basis  for  clinical 
eonclu«ious,  it  could  be  amply  fiimi»lied  by  a  consideration  of  the 
problems  of  faligiie,  that  mysterious  region,  dwly  traversed,  when 
health  and  sickness  are  so  strangely  mingled. 

Thanks  to  recent  invewtigationa,  we  know  a  good  deal  about  the 
anatomy,  ehemistry,'  and  physiology,*  of  tlie  nervous  system  in 
fatigue,  an  reprvnenting  the  primur)'  lesicms,  hut  it  needs  only  a 
brief  reflection  t«  show  how  numerous  and  varied  are  the  fwcondary 
manifestations,  neura)  and  mentiil,  involving  eminently  the  func- 
tions of  the  organism  as  u  whole  and  in  all  itM  parts,  that  character- 
ise the  clinical  outcome  of  acute  or  of  prolonged  exhaustion.*    To 
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'   U^er  ttUeTtftucht.  publ.  by  CnrI  Mwliold.  Hnlle,  1«M. 

*  Malitrt  ft  mtitimrt, 

'  VfiJnrt  inlfJleclvfi,  Htv.  Philotcphique.  HI02,p.  53, 

•  3w  nroccinll)-  variolic  papem  by  V^rwom  and  his  puplts,  which  »ns  publls)i«d 
or  ^^fc^^cd  to  la  tlic  rcceat  voliiaies  of  the  ZcUtckri/t  I.  Allgem.  PivtMovie.  1901 

to  ma. 

'  Si-p  psppcially  Rirlift.  DictiovnmTe  dr  Ph/rinlai/if,  nrticle  "  FBtig:iie," 

'  Son  "Kuiinisthoiiiii."  by  Cowl««,  ShattiicJc  l«cttin>,  ]%ll,  Botltm  Mtd.  and 

Surf).  JonT. ;  bcc,  abo,  tlir  various  accoiuits  of  thp  Kxbniurlioti  I^ychoace,aDd  of 

studies  oa  the  oont««l4  lu  llie  Olympian  ^moa. 
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giv«  to  those  Dianifeatalioiis  aji  adequate  expreftetion  would  oft«u 
mesD  the  paadng  iu  survey  the  functions  of  all  the  organs  of  the 
body.  Th(6  is  a  task  which  would  bo  anatoaitcally  impiKwible, 
dnc«  even  the  most  extensive  anatomical  survey  would  fail  to 
take  cognizance  of  the  digarrftogeinents  of  old  coordioatiouB  oiid 
the  cstabliahment  of  new  ones. 

Almost  equally  important  nith  the  generalization  that  the  maoi- 
fOBtatione  of  diBcaec  are  largely  conip<?n8utory  or  adaptive,  i.  «., 
%ital  or  phyniologicul  mutufeDtuliuiis  on  the  part  of  the  organism, 
is  tliat  which  describes  these  changes  as  aHecting  not  organs,  but 
fvnaiont.  This  view  is  justly  made  mueh  of  by  Wolkow,  who  points 
out  thai  too  close  an  adherence  to  the  analytic  methods  of  ihe 
BDatomJst  encourages  a.  tendency  to  regard  the  body  aa  a  ooDgericK 
of  organs,  of  tissues,  and  of  vella.  having  an  independence  of  each 
(Hher  which,  in  reality,  they  do  not  posaeaa.  A  mode  of  coueep- 
tion  8uch  us  thi*  roba  lh«  organism,  regarded  aa  a  whole,  of  its  in- 
dividuality, and  as  a  sul«titute  for  it  we  need  to  cultivate  the  habit 
cd  regarding  each  individual  as  represeutiug  a  vast  system  of  iu- 
(frlocking  fuiictioni<,  partly  known  to  us  already,  partly  unknown. 
It  is  duinng  the  disturbancee  and  reorftanizalions  of  these  func 
lions,  either  in  themselves  or  in  their  relations  to  each  other,  that 
ihe  *yn3plora8  of  disea-w  arise,  and  the  problem  of  the  physician 
i«  to  east  up  the  patifvnt's  account  at  each  criticaJ  juncture,  and 
to  reckon  upon  what  aswls,  in  a  phy^iinlo^cal  sense,  he  has  yet  to 
reckon,  upon  what  powers  of  compensation  and  readjustment  he 
MO  atUI  rely.  In  place  of  regarding  the  body  bo  much  by  piece- 
meal, we  need  to  regard  it  more  as  a  whole;  as  a  supplement  to 
our  study  of  structure  we  need  a  closer  study  of  function.  Some 
ifiMUM,  as  Wolkow  suggests,  could  best  be  defined  as  disorders 
"1  Unknown  function!).  It  is  probable  that,  under  the  same  pno- 
d()le,  thciee  disorders  which  we  now  classify  as  due  to  premature 
•Imh  of  anatomical  purls'  could  l>c  more  properly  described  as 
^  to  the  premature  falling-uul  of  mure  ur  lejts  specialized  func- 

In  no  department  of  pathology  is  it  so  difficult  to  arrive  at  satis- 
'■etory  concluaitais  by  the  aid  of  the  anatomic  method  alone  as  in 
'»©  department  of  neural  pathology.  For  it  is  the  ncrvoua  system 
"Pon  wliich  the  organism  preemhicutly  depends  for  the  very  ex- 
'*^Qoe  and  efficiency  of  these  interioeking  functions  which  are 
lh«  basis  of  life.  We  can  get  on  without  admitting  the  existence 
^  tnatter,  in  the  familiar  sense  of  thai  word,  but  we  cannot  get  on 
■fithout  admilling  the  existence  of  energies,'  superposed  one  over 

'  T»raiRt)  by  Gowi-ni  "iililol,roj»hy." 

'  Of  eoilnp.  in  thn  fioiil  nnnK-siii.  it  munt  he  adtnitted  tVint  any  Rivrti  conorption 
(n"aneisie8"  cnu  Iw  uLnn  phIv  in  n  ■ymbolie  m>ium).    It  in.  hawrvrr.  nt  prctRUt, 
Itann  moH  conducive  bo  dear  tliought  and  adoquutc  gciwraluHtk>ii. 
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fLQother  in  ever  increaAiTig  complexity  of  organization,  and  to  sdmit 
tJuB  conception  of  euergies  is  al  once  to  throw  the  emphasis  of  re- 
search upon  tho  study  of  fuactions,  and  to  ndiuit  the  &ifpuricj>iie« 
n(  the  anatomical  method  only  an  a  valued  help  toward  the  better 
understandiag  of  function. 

One  unfortunate  result  of  a  too  close  adherence  to  the  auatomical 
method  in  that  it  has  introduced  into  medical  literature,  &nd,  mora 
important  stiil,  into  medical  thought,  a  differentiation  of  disease 
into  two  contracted,  ulthouKh  voj^uely  deCiiied,  catCKO"^^  de^gneted 
as  "functional"  and  "organic,"  two  terms  which  arc  objection- 
able Iwcause  they  help  to  perpetuate  false  notions  of  physiologic, 
pathologic,  &Dd  clinical  sort^,^ 

Hon-ever  useful  these  t«rnu  may  have  seemed  as  affording  a 
convenient,  if  rough,  clsRHifiration  of  diwaspj^,  and  however  in- 
spiring it  is  to  reflect  that  with  the  idea  of  "functional"  goes  that 
of  posHiblc  cunihilityj  it  is  nevcrthcleKit  true  that  their  cmploynicnt 
has  had  a  nuischievous  becauae  tnisleading  effect,  and  that  it  turns 
away  the  mind  from  the  true  recognition  of  a  nature  of  the  facts 
at  stake. 

Contrast,  for  example,  the  caaeB  of  hyHteria  and  epilepsy,  n-ith 
regard  to  which  these  terme  are  often  used,  as  if  with  an  essential 
meaning.  If  in  calling  hysteria  " functional"  end  epilepsy  "organic" 
it  is  meant  that  the  one  is  curable  and  the  other  incurable,  neither 
assumption  is  strictly  accurate.  If  it  is  meant  that  in  the  case  of 
hyuleria  there  is,  presumably,  no  essential  anatomic  peculiarity  of 
the  brain  nnd  nervous  gystem,  while  in  epilepsy  such  a  peculiarity 
is  present,  neither  assumption  lo  correct.  For  no  one  can  doubt  _ 
that  the  brain  of  ibe  hysteric  is  in  some  degree  abnormal,  and  while  I 
we  must  make  the  same  assumption  in  tho  ease  of  epilepsy,  we 
know  nothing  of  the  actual  chan^  which  brings  tho  epileptic  fit 
about  or  makes  it  possible,  nor  can  we  even  say  that  the  fit  itself 
is  not  ft  oofiBen-fttive  process,  in  a  certain  sense.  Again,  the  epilep- 
tic paroxysm,  as  such,  is  a  sign  which  distinctly  deserves  the  name  _ 
of  "functional,"  im  much  when  occurring  spontaneously  as  when  ■ 
induced  by  experimental  excitation  of  the  oortCJc.  FiTrthcrmore, 
it  would  be  only  partially  correct,  and  certainty  not  sulentiBc,  to 
call  hyeterift  a  "fimctional"  and  epilepsy  an  "organic"  disease 
because  epilepsy  occurs  oftener  than  hysteria  in  patients  who  ex- 
hibit certain  phj'sical  peculiarities  which  we  classify  as  stigmas 
of  degeneration. 

It  would  bo  equally  erroneous  to  claim  that  hft\*ing  chwsified  a 
disorder  as  "hysterical,"  and  therefore  as  "functional,"  w€  ha^-c  the 
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'  Cnmp&tv  in  this  connoction  Ot«rat<<inoT,  Fvnctiofulie  ufuf  Oraanutrtu:  Erkrati- 
kungmt,  liMKf;  and  Krelil.  DU  Fiinclionplle  Erkrankungen.  In  Lh*  TKtrapit  ittr 
Gtfftnuwt.  1902. 
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ri^t  to  comndcr  it  as  repirsentiDg  a  condition  wliicb  anatomy  need 
cof  take  into  account.  McuIilI  uvt-ion  is,  in  cvcrj-  iwBfic,  a  real  force, 
Btuiding  on  the  aiime  plane  with  the  other  forces  wliirh  we  regard 
AS  more  familiar,  and  a^  mich  it  is  capable  of  iDfluencing  the  nutritioa 
of  the  bt>dy.  It  is  only  by  evasious  aiid  aubterfuKe«  that  we  can  deny 
Ihe  rcoiproral  rclfltionahtp  bctweoo  bodily  processes  and  tneatal 
states.  Both  of  tlicin  are  inanife-ttations  of  energy,  and  there  must  be 
aonte  denoniinator  comnioQ  to  them  both.  Betwecu  death  from  a 
bullet  iKat  trav'crHes  the  brain  ajid  dt-iith  from  an  emotional  shock, 
the  difference  la  one  xolely  of  detail.  When  any  disorder  such  as  we 
should  be  inclined  to  call  functional  is  hostile  to  the  fuudumental 
interests  of  the  nrganism,  it  Icadit  nt  once  to  manifest  disorders  of  th» 
DOtrition.  Not  only  is  tliis  true  of  depressi\'e  emotionti,  but  even  of 
excessive  intellectual  preoccupations,  as  when  Dante-said,  "My  great 
work  ha^  made  me  leiin."  Tliis  dtttum  of  common  observation  la 
receiving,  more  and  more,  the  solid  indorsement  of  soientifio  thought. 
Thtie,  OBtwald  '  dwells  upon  the  fact  I  hat  mental  operations  of  a 
pleaAursbleMtrt  directly  favor  nutrition  and  the  nonnnltluwof  chem- 
ical energy,  while  those  of  a  painful  sort  interfere  with  nutrition  and 
hinder  the  flow  of  chemical  cnerRV. 

At  both  theiie  latter  points  the  barrier  Wtn-ecn  the  functional  and 
the  organic  is  broken  down.  As  a  matti>r  of  fact,  this  barrier  does  not 
b>'  right  exist,  and  we  sJiould  not  Iw  tempted  to  ufic  the  t^-miB  "fiin«- 
lional"  and  "organic  "  as  applied  to  diseane  at  all  wer«  it  not  for  two 
reasons,  the  first  being  the  convenience  of  the  custom,  the  second 
(hat  there  are  many  conditions  which  we  rcengniao  a»  \mng  on  tho 
whole  hostile  to  most  of  the  interest  of  the  organism  and  which  we 
therefore  feel  justified  in  classifying  as  disease,  yet  where  the  dis- 
order is  not  adapted  for  anatomi'cal  exprt»sion.  If  vrt  adopted,  am  wa 
ahould,  (he  conception  defended  by  the  clcor-rainded  philosopher  and 
identitit  (Ostwald),  that  the  organism  is  a  fabric  built  up,  not  of 
fetntns,  but  of  energies,  we  should  never  draw  these  unsclentifiQ 
distinctions  bctwt^eo  "function"  and  "structiu*,"  or  "symptoma- 
tolog)' "  and  "anatomical  expression,"  aa  standing  for  fundamentally 
different  and  contradictory  conceptione,  or  as  affording  the  one  a 
truer  and  the  other  a  Icsk  true  method  of  approaching  the  study  of 
iHseasG,  but  we  should  admit  that  the  data  gathered  under  these 
(KfTerent  headings  stand  upon  the  mme  plane  ae  regards  their  admis- 
sibility »«  evidence.  The  data  furnished  by  the  study  of  symptoms, 
whieh  in  the  case  of  the  so-called  functional  disorders  constitute  all 
the  evidence  at  our  cnmmand.  arc  data  of  a  physiologic  sort.,  and 
throw  light  rather  on  the  reactions  of  the  nrganii^m?  thim  on  the 
direet  effects  of  the  primary  lesion.  For  this  reason  they  are  not  sus- 
ceptible to  discovery  by  anatomic  mt'anfl. 

'  Phito9ophic  der  J<lalur, 
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In  conctusioD,  th«n,  I  offer  the  following  propositions: 

Every  orgiuilBin,  whether  we  call  ii  diseased  or  ivell,  p: 
ilaelf  to  ouf  view  us  a  v.-eh  of  interwoven  "energies."  wbicli,  in  order 
to  study  them  by  anatomic  means,  wo  must  break  artificially  intu 
fngments  that  Iiave,  la  reality,  do  correspondingly  e»eparate  exist- 
enee. 

Thcijc  ener^es,  under  tendencies  which  countless  ages  of  cvotulioa 
hft%'e  e.itabliHhed,  have  woven  themselves  into  a  mechanism  of  inter- 
locking functions,  forming  an  endurable  and  relatively  stable  equi- 
librium, which  we  denoniinutt'  um  hcallh.  This  equilibrium,  however, 
must  always  remaiu  but  relative,  and  would  become  a  real  equi- 
librium if  that  were  posabloonly  at  the  sacrifice  of  further  evolution 
and  progresH. 

The  pTueesses  of  mutual  modification  and  adjustment  through 
which  such  an  organism  geck^  to  gain  and  to  maintain  thiscquilihrium, 
under  the  ordinary  conditions  which  wc  clasufy  &a  health,  are  the 
only  means  which  it  posacBses  to  meet  the  more  serious  needs  cr»atod 
by  the  unusual  conditions  that  we  call  disease. 

It  rarely  happens  that  these  efforts '  at  readjuatment  (after  any 
considerable  disturbance  of  this  equilibrium)  are  thorouKhly  success- 
ful, and  in  the  abortive  or  exaggerated  reactions  on  the  part  of  the 
organisms,  energies  are  set  free  and  habits  are  established  which 
are  ofren  hontile  to  the  main  intcrestH  of  the  organism  as  a  whole, 
and  therefore  are  reckoned  as  evidences  of  disease. 

In  many  cases  the  processes  of  readjustment  am  taken  part  in  by 
various  functions  of  the  organism  which  do  not  tweni  to  be  at  first 
sight  related  to  the  chanf^cs  primarily  at  stake,  to  such  an  extent  that 
the  earlier  e0ect8  of  the  original  lesion  are  overshadowed,  and  we 
seem  to  lie  Id  the  presence  ">f  what  would  be  called  a  change  of  type 
rather  than  a  disease.  Id  this  way,  for  example,  what  arc  called  by 
biologlHto  the  "secondary  sexual  characters"  arise.  Clinical  exam- 
ples of  thie  tendency  toward  such  a  generalization  of  the  procees  of 
readjustment  have  already  been  suggested. 

Although  thetie  processes  of  readjustment  dn  not  seem  to  be  guides! 
by  teleologic  inSuences,  and  although  they  often  fail  to  benefit  the 
orgaDism,  and.  intitcad.  work  it  great  mischief,  yet  in  many  instances 
they  do  have  all  the  outward  appearance  of  being  under  t  he  direction 
of  6ome  general  principle  analogous  to  that  which  governs  the  pro- 
cesses of  growth,  and  is  manifested  in  the  repnir  of  lost  parts  among 
the  simpler  fornia  of  life. 

The  tendency,  according  to  which  the  processes  of  repwr  are 
go\'eroed  by  a  "general  principle,"  presents  intercHting  analogic^ 
with  the  government  of  the  flow  of  thought  and  memory  by  a  "  l^id- 

'  It  in  to  he  iin<lerat«od,aB4tatpd  above.  th(btthi!tena"cffottii"  iahefvuBed  in 
a  Ucaoriptivc  seiisc  alone. 
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log  idea."  The  Bwne  U-iidency  probably  finds  applit-ation  in  fa«t,in 
the  fuse  of  u]l  romplvx  reilexrs,  nn  nuittcr  of  what  sort.. 

In  order  to  give  aid  and  giiidaiioc  to  the  more  favorable  elements 
of  these  proecssefl  of  rcadjiistment,  ve,  as  physicians,  need  to  bend 
all  our  poven;  to  a  better  undvrstntidiniE;  of  the  rcn«iirrcs  which  each 
organism  bas  at  tt8  command  for  compensation,  for  continued  hfe  on 
the  old  tines,  or  for  gaining  n  new  nnd  niorc  stable  life,  do  matter  at 
iriiat  saeriCce.  The  patient  who  thoroughly  undcrfttandM  his  re-simrccs 
and  is  master  of  them,  even  if  these  are  few  and  slight,  is  often  in 
a  better  position  than  one  who  has  more  to  draw  upon  but  who  is 
tiaUe  to  be  upset  by  surprises. 

In  tbc  accomplishment  of  this  task  vre  need  all  the  help  that 
anatomy  can  furnish, but  fl8  it  is  the  organism  in  activity  that  wb  seek 
ereDlually  to  understand,  it  is  necessary  that  the  splendid  services 
of  anatomy  t-houM  be  supplemented  by  physiologj-,  and  the  physl- 
(ian  —  above  all  the  netirologist — needs,  therefore,  to  be  trained, 
more  thoroughly  (ban  at  present,  to  work  and  reason  in  accordance 
wilh  physiulogiciil  conceptions  anjl  methods  us  applied  to  the  problem 
of  disease. 

A.1  regards  our  duty  in  the  treatment  of  our  patients,  we  should 
Doi  fail,  first  of  all,  to  i*eek  for  the  original  cause,  wherever  it  may  lie 
by  which  the  old  equilibrium  of  relative  health  has  been,  in  one 
direction  or  another,  broken  into,  and  we  are,  therefore,  bound  tn 
acquaint  ourselves  with  nil  those  functions  and  processes  which  are 
ralatod  to  nutrition  in  the  broadest  sense.  Still,  for  the  neurologist 
in  particular,  the  problem  of  nearest  interest  is  often  to  gain  a  point 
of  temporarj'  vantage  for  his  patient  by  training  him  to  make  the 
best  of  a  present  situation,  nnd  the  methods  by  which  this  end  is  to 
be  uceoniplishcd  are  clasaiftablc  under  the  general  name  of  education. 

In  these  methods  the  future  therapeutics  of  the  nervoue  .•*y**tem  is 
lar^ly  to  aaaat ;  to  them  we  are  more  and  more  to  look  for  giiidanee, 
both  in  relievinu  our  patients  of  their  ilU  and  in  teachinu  them  how 
to  bear  them.  The  physician  who  knows  Iwst  how  to  appreciate  the 
seeds  and  resnurce-t  of  tho»e  coming  under  his  care,  to  divine  their 
capabilities,  to  search  out  the  hidden  causes  of  their  present  troubles 
—  lylnR,  perhaps,  in  the  experiences  of  childhood  —  the  physician 
»ho  has  the  trained  keenness  to  recognize  that,  however  poor  the 
material  m'th  which  he  has  to  work,  there  is  almost  invariably  some 
benefit  to  be  gnincd,  if  not  in  tho  direction  of  relief,  then  in  that  of 
compensatioD  —  such  a  physician  as  this  can  make  himself  of  inBnite 
service  lo  the  community  in  which  he  lives  and  works. 

As  among  the  newer  representatives  of  llie  successful  laborcfB  in 
this  field,  we  ought  to  recognize  not  the  seienlific  investigators  alone, 
but  also  those  practical  workers,  whether  ]ay  or  medical,  who  h»ve 
xhowu  what  edurulion  can  actually  acuompljsli.    I  have  in  mind, 
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especially,  the  phymcians  who  have  demonstrated  ■  that  tabetic 
ataxia  can  be  relieved,  the  sufferers  from  obsessions  and  morbid 
fears  restored  to  their  place  in  society,  the  vacant  lives  of  imbeciles 
and  dements  made  more  full,  and  new  promise  given  to  the  efforts 
for  the  reform  of  the  waifs  and  wards  of  our  great  cities.  In  this  out- 
come is  to  be  sought  one  of  the  beet  practical  pieces  of  evidence  for 
the  value  of  the  phyuolo^cal  principle  in  the  problem  of  disease. 
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Dr.  C.  L.  HxRBiCK,  of  Granville,  Ohio,  contributed  b  paper,  lead  by  his  brch- 
ther.  Dr.  C.  Judson  Herrick,  on  "A  Gompamtive  Method  in  Psychology,  pai^ 
ticularly  in  its  phy»ological  and  anatomical  relations." 
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BT   CHARLKH   LOOUlfl    DANA. 

[Qifin  Loomls  Dnna,  I^feasor  of  Nen-ous  und  ad  interim  Mental  DUmum. 
Comell  University  Medical  College.  New  York;  ViBititia  Plivsiciaii.  Ib<lle\iu> 
Kospital;  Ncuroloeist  to  th*-  MonWfiore  Honpital,  h.  Wootirtock,  Vermont. 
SUfch  2S.  1862.  A.B.  Unrtmoutli.  1872;  A.M.  ibid.  1875;  M.I).  CoUego  of 
PhrnciiiQa  «ad  SlUgtona.  Columliin  Unlvrniity.  Ntrw  York ;  LL.D.  Diirtmouth, 
IftUiSj  ProfoMOT  of  Comparative  Pliyaiolof^.  Coluuibia  Scliool  of  (^ni]>nra- 
tivc  Mcdtcioc,  1879-82;  Frvfrtwor  of  P)iy«ioloKy,  Woniaii'ti  McdiuLl  (.'"UcKc 
d  New  York  lofinaart'.  lfW2-y»;  Pioftteor  of  Nen'oua  Moolal  DioiuBc*, 
Rist-gtAduftte  Medical  fie hoo).  IS8&-04:  Profeswr  of  N'ervoiu  DiaMKa, 
Uaitmouth  College.  \fi9^-9b:  ibid.  (Vmtell  Univcreitv  MedicAl  Collese.  1896. 
Member  (ex-PresidentJ  of  tliR  New  York  NciirokiKicjil  SiMikay;  American 
TleiiroloKjcaJ  Awocintion  '  rhnrixkn  Cliih ;  Pn>iiidc-Dt.  Ntiw  York  Arademy 
of  UadicuiR:  Amcricon  Astwcintjoti  fur  Advnncciiinit  of  Hvieucc  Author  of 
■lunwroun  orticloi  and  iiioiiogruplis  on  iiervoiut  utid  iiiputul  diai-uBUH.] 

The  task  of  preparing  an  address  upon  the  relations  of  psychiatry 
to  iiihcr  M^icnccH  presents  i^ome  emliiirrniwmffiits.  Psychiiirrv  itself, 
in  its  narrower  sense,  is  lh«  sclenw  that  deals  with  Ilic  phetioinenu 
irf  diaorricred  minde.  But  the  psychiatrist  hiLs  alwj  an  applied  science 
ti)  iiiiliice,  or  in  reality  a  hiiKtne^<>  in  perfnrm,  which  engnj^i^  iiiuch  uf 
has  energ)',  and  is  a  very  dominant  thing  iu  his  profpsaional  life. 
Thi?  btisincNs  in  that  of  thn  adniinistrution  and  ctuc  of  the  insane, 
and  it  is  hard  to  ignore  its  immenfie  imporlanpe  in  diHcufi»iiig  psych- 
iatrj*  from  any  broad  standpoint.'  Indeed,  one  may  say  thnttho 
most  real  advance  in  the  treatment  of  insanity  lies  in  the  Improved 
methods  of  hospital  eare  that  have  been  developed  in  the  last  thirty 
ye»T».  Still,  the  setcnoe  of  pgychintry.ns  pursued  by  the  clinician 
I  Mtd  the  pathologist,  is  that  phase  of  it  which  muat,  for  ow  present 
purposes,  be  set  apart  and  its  "problems"  and  "relations"  studied. 

'  Amone  5170  contributions  to  psyohiAtry  made  durinjt  th*  fivn  yciirs,  ISJJ4- 
1800  (J«lii««bericht«  fOr  I^iyeliiatrie  u,  N»tiroloxie).  tlit'  niimlier  devulod  to  differ- 
M)t  eroapaof  Bubjecu  wa»  nafoUows:  (General  oymptomN,  fuitholoK]'  mid  etiology, 
liW;  Hpeclal  pycliopnlhology  and  thempy,  ISSl;  ndminirtrntive  roullioda  nud 
reports.  12S6;  foren»io  mediciDc,  8M,  Thtin  v-ritinp  cooccraiug  kdmiQiatrstlve 
csre  make  np  over  20  prr  cent  of  U»o  total  litersture  of  fmyviaaUy. 
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I  do  not  know  how  one  can  very  well  cnLirvly  separate  these  topics 
from  each  other,  and  Iinii»t.  be  excused  if  I  somet imen  slip  from  speiik- 
ing  of  a  relation  to  doaling  wilh  a  problem.  After  all.  the  thing 
tlcKircd  in  such  an  uddress  bs  thi»  is,  I  assume,  lo  find  out  how 
psychiatry  stands  a»  a  science  now,  what  dependence  it  has  on  other 
sciciieos,  and  what  help  it  needs  from  them  or  can  give  to  them. 

Twenty  years  ago  I  was  a  member  of  an  organization  for  securing 
reforms  in  the  care  of  the  insane.  It  fell  to  me  to  present  the  ntua- 
tion  then  of  pitychiatry  in  America.  It  may  be  said  that  at  that  tjnie 
little  science  of  this  kind  exiated  here.  This  was  so  much  the  t»»e 
that  the  superintcndt^nts  of  ihc  insane  asylums  had  withdrawn  from 
affiliation  with  the  American  Medical  Aeeociation,  and  had  for  years 
kept  out  of  formal  touch  with  general  medicine  and  the  activities 
of  medical  science.  Psychiatry  had  mainly  one  side:  the  business  of 
administration  and  custodial  care.  Only  four  medical  schools  pre- 
tended to  give  any  teaching  in  mental  disease  in  the  whole  country. 
There  were  then  only  74  elate  aayhims,  with  a  population  of  39,145 
insane  and  coosiderabiy  less  than  half  of  tho  insane  of  the  coimtry 
were  in  institutioDH  desired  for  thar  care.  The  cost  of  nmning 
theee  institutions  was  about  $200  per  capita  yearly,  which  is  perhaps 
a  fifth  greater  than  it  i»  now.  So  that  psychiatrj'  rcprCBontcd  a  busi- 
ness conducted  in  some  places  i^'elljnsoine  ill,as>centiment  demanded 
or  as  money  was  eupplied. 

Thia  eituatioQ  wa«  a  natural  one  considering;  the  state  of  public 
feeling  and  of  medieal  MHence  at  that  time;  for  the  thing  to  do  with 
the  aUenated,  when  only  one  thing  can  be  done,  is  to  take  good  care 
of  them;  after  this  we  can  study  them  and  build  up  a  science  und  un 
art.  And  this  is  what  has  happened. 

During  the  lust  twenty  years  there  has  been  steadily  developing 
a  Hcience  which  deals  with  mentaE  disease.  Largely  through  thu 
influence  of  certain  clear-sighted  administrators  of  our  hogpilsU.  our 
knowledge  has  developed  until  now  we  are  justified  in  classifying 
psychiatry  among  the  medical  sciences,  surpassing  in  exactnewt  i<oine, 
and  in  importance,  interei^t.and  difficulty  perhaps  alt,  of  the  other 
branches  of  medicine.  For  we  are  dealing  in  its  study  wilh  the  ulti- 
mate and  finest  and  moEt  olabomtcly  diEFerentiated  product  of  organic 
hfe,  and  our  tank  with  it  in  not  only  to  study  and  tn  classify,  but  to 
prevent  and  to  save  that  which  is  most  essential  to  human  progress 
—  the  human  mind. 

During  these  past  twenty  years  the  administrative  care  of  the 
insane  has  also  steadily  improved,  so  that  now  in  our  best  semi>pri- 
vnte  and  endowed  institutions  there  is  really  little  more  that  human- 
ity could  suggest  or  ingenuity  devise  for  the  comfort  and  care  of  the 
patient.  In  many  of  our  state  institutions  there  has  been  also  & 
•teady  progress,  which  is  hampered  in  some  stateK  by  poverty  and 
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bck  of  intelliRvnl  interest,  and  in  nearly  all  bylhe  allied  acieni'e  of 
politics.  Indeed,  while  thie  la^t  exists,  t$tat«  kospituls  will  always  fall 
%  little  ebort  of  the  ideal.  The  psychiatrist  stands  on  one  hand 
ftriving  to  bring  things  up  to  his  highest  views,  the  politician  on 
ibe  other,  urging  Bonkethian;  chcap«r,  and  standing  fur  an  influence 
that  teade  toward  m«re  cuittodianship. 

The  Miwice  of  psychiatry  comes  in  touch  with  many  branches  of 
baman  knowledge.  In  i^o  fur  as  psychiutry  has  a  pmcticai  side,  it 
ttaodsin  close  relation  nith  what  may  becalledjin  genera], fconomte«; 
to  an  extent,  also,  it  ia  in  relation  nith  all  those  sciences  which  par- 
ticularly t«nd  Id  prevent  aud  ward  uff  insunity  by  improving  eocial 
coadttions  through  sanitation,  education,  and  better  heredity. 

Th6  science  of  psychiatry  utilizes,  at  all  timeft,  the  work  of  the 
p^chologi)<t ,  but,  mo»t  of  all  ])erhaps,  it  stands  in  relation  with 
CMtain  departmenta  of  internal  medicine,  such  as  pathology,  and 
ebcmistry.  Psychiatry  has  also  certain  relations  with  the  law,  with 
the  criminal,  aud  in  general  with  abnormal  man. 

To  take  up  all  these  relations  in  detail  would  make  an  address  very 
long  and  VBr>-  desultory.  Yet  I  do  not  see  how,  in  the  nature  of  the 
case,  my  remarks  n-ill  not  have  some  of  both  these  characters. 
1  cjisll,  however,  white  touching  on  a  number  of  topics,  lay  special 
emphasis  on  a  few  that  seem  most  important. 


Ptychiatry  and  Economics 

The  relation  of  psychiatry  to  economics  is  one  of  increasing  interest 
and  importance.  The  loss  to  the  state  and  the  eitpense  in  money 
from  disease  is  a  subject  that  liaa  received  increasing  attention  of 
late  years,  until  now  in  many  directions  public  knowledge  and  state 
action  are  almost  adequate  to  the  problems  involved.  The  rt^Nults 
have  been  Hie  ex termi nation  of  some  and  the  holding  in  check  of 
other  diseases.  Thus,  in  the  more  advanced  communitie.'^,  with  the 
exception  of  certain  pulmonary  troubles,  and  a  few  of  the  infectious 
and  eruptive  fevers,  the  prevalence  of  microbie  diseases  has  been 
decidedly  checked. 

Nervous  diseases,  however.  If  we  include  also  those  due  primarily 
to  VABCtdar  disease,  arc  probably  more  numerous  than  ever.  Statis- 
lifs  are  almost  useless  for  determining  litis  question,  because  there 
is  no  common  nomenclature,  the  diseases  are  not  nott&able,and,  at 
beat,  m  must  go  by  death  statistics.  I  believe  it  to  be  common 
medical  ojMnion.  however,  as  it  is  certainly  my  own,  that  both 
organic  and  functional  neuroses  arc  relatively  more  numerous  than 
»hey  were  fifty  years  ago. 

As  to  the  psychoses,  there  is  little  doubt  that  they  are  also  inereas- 
tng,  relatively,  more  than  the  population.  This  Is  shown  in  the  reports 


2« 


PSYCHIATRY 


I 


of  those  states  in  which  statistics  have  been  more  carefully  kept, 
for  example,  in  MaftHAchu^Ptl^,  Nen*  Hampsliire.  and  New  York, 
well  08  by  the  census  atatiHtics  of  Ihii;  country  und  Groal  Bntain. 
We  may  say  thibt  in  the  last  twenty-five  j-vnrn  the  ratio  of  sane  Ia 
insane  has  hIiowd  an  apparent  gradual  inorease  from  1  to  4A0  ia  1  (a 
300,  and  this  latter  seems  to  be  about  the  ratio  in  those  communities 
of  North  Aint'ricu  luid  Europe  to  which  modom  conditions  of  civilixa-  ■ 
tion  prevail.'  This  average  has  varied  but  Uttle  in  the  last  few  yesre; 
the  slight  yearly  increase  probably  will  not  change  rnpidlyand  prob- 
ably not  continue.  For  when  the  inerea«  in  the  insane  reaches 
a  certain  point  of  excess,  society  will  have  to  take  notice  of  it  and 
correct  it. 

For  twenty-five  years  the  explanatioa  for  this  increase  has  been 
that  more  raises  were  observed  and  nioro  victims  kept  in  institutions 
than  formerly;  and  thiH  is  still  the  explanation.  It  is  my  opinion, 
however,  that  the  increase  is  a  real  one,  and  it  is  one  to  be  expected, 
not  only  from  the  8trenuou«ness  of  modem  life  and  increase  of  city 
population,  but  ttlso  because  more  feeble  children  are  nureed  to 
maturity  and  more  invalid  adolescents  are  kept  alive  to  propiif^ate 
weakly  coor'titutions  or  to  fall  victims  thcniselvcj*  to  nlienation;  the 
period  of  life  ^ficeptible  to  insanity  is  longer.*  A  fourth  of  the  cases 
of  insanity  are  due  tn  i!o-cnlled  moral  cau^cn:  emotionul  strain, 
shocks,  and  vit-iotis  indulpeiices.  Rtil  moral  causee  are  not  sufficient 
to  cause  insanity  if  the  individual  has  a  sound  constitution.  Insnnity 
is  incrcasins  in  part,  then,  Ixicausc  we  an;  saving  too  many  lives  ■ 
by  the  careful  regulations  of  our  health  boards.  Hence,  those  who  ■ 
are  working  so  enthufiiR.ittically,  and  nobly,  and  succciwfiilly  in  pre- 
venting disciiae  achieve  results  which  carr>*  serious  responsibilities  A 
for  the  stHto.  ' 

'  The  BArTvpwhnt  itartUiig  invpodnn  in  xuicidc  is  corrobdnttivc  of  an  Ineniase  la 
pwcbupalliic  conatitLiliong. 

"  The  expectation  of  life  b  now  43,60  (Si-wsholme).  The  de«tli-niU!  of  children 
imderAhaa  dropped  from  Ct8(1  to  &jr) in  the  ytanfmrn  ISOAlo  f 895 in  Uaamdiu- 
■I'lt*  Tht  (iroji  m  the  (it's  tli -rate,  from  5  to  40.  ha*  beeii  nmch  zmilvr,  wliilo  liw 
(Icflth-nitc  nlxivp  40  Iirh  incrt'.iKeil  t.S  W,  AhUitt,  ViUl  Statixtint,  Wnod'a  Rd{. 
Kitndhonk,  vol.  viii)  Tht.  period  of  life  durmg  which  iniuiDity  most  frvqu^ntlf 
occun  in  30  to  4(1,  und  next,  tlut  between  'iU  otid  'M.  The  u^'ence  bge  at  de«Lh  in 
£ngIaiKl  viiut: 

Male*.  FonuU*. 

1840 ,.,..vM->< 27.15  2fl.38 

1900 ,  ,33.63  39  00 

/-  ExductiDK  0  to  1.  -^        —  Kxcliiding  OutM~\ 
\la.\m.  Fcniiil^M.  Mulra.  Finales. 

IMO 46.4a  40.77  72.09  73.05 

1K» 53.17  55,21  70,41  7I.W 

-a  0.  Wainftr. 
Bxpectancy  of  lite  bi  Maaauchuaetto: 

fMO,.,    44.M 

1900 4405 

—  U.  8.  CfeneuB  liullptin.  No.  15. 
Tlia  avTragc  age  at  death  has  increawd  from  about  2S  in  1840  to  34.5  in  IDCM), 
tliiM  bringing  more  penpie  into  ttie  tliirtl  decode,  which  u  the  one  moat  Irvitful  in 
inunity. 
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Let  us  see  what  the  tatta  are  regarding  the  economic  loae  of 
insanity  : 

Tlwrc  are  in  the  Unite'l  Stutos  now  about  145.000  insane;  120,000 
feeble-minded;  a  ratio  of  atx>ut  I  to  3li0. 

The  annual  increment  of  insane  in  Massachusetts,  according  to  the 
Uassachuseiu  Bonrd  of  Lunacy,  is  400  in  about  10,000.  or  i%. 

At  ttus  tAtto,  the  annual  iocrement  for  the  United  States  would  bo 
approximately,  5600. 

The  co£l  of  nuuntaininK  properly  IhCKV  145,000  can  be  estiumtod 
fairly  on  the  basis  of  the  coat  of  the  institutions  of  the  two  large 
Sates  (MassBcbusetts  and  New  York),  where  it  is  admitted  the 
I'oik  ie  at  its  higheet  efficiency. 

The  plant  for  earing  for  the  22,000  insane  of  New  York  is  valued 
St  $22,000,000  CMabon),  and  the  plant.*  fnr  paring  for  our  insane,  if 
ve  are  deetrous  to  care  for  them  in  the  way  creditable  to  a  great 
tivHItzed  und  wealthy  nation,  should  be  not  less  than  SISO.OOO.OOO. 
To  run  this  national  plant  the  cost  m,  at  a  moderate  eittimiite,  S3.50 
■eekly,  per  patient.  Tlus  is  about  (he  average  in  New  York  and 
Uaaiachusctta  aod  most  propi^rly  urgiinizcd  state  hospitals  else- 
where. This  gives  the  insane  no  luxurioB  either;  for  the  average  cost 
of  properly  caring  for  the  insane  in  private  inBtitutions  is  SI  2  to  i2S 
per  week.  This  with  the  interest  on  the  plant  makes  the  actual 
objective  cost  of  caring  for  the  insane  of  the  United  States  eveiy 
year  about  140,000,000. 

Thk  does  not  include  the  care  of  the  feeble-minded.  So  far  as  the 
Jtatc  is  f  onoenied  they  are  less  of  an  cvpeuse  bocduse  a  large  number 
arc  cared  for  in  families.  Many  do  nut  need  actual  rt'^pontiible  super- 
vision, and  many  can  in  a  decree  support  themselven.  Finally,  the 
feeble-minded  are  short-lived,  while  the  insane  live  into  and  beyond 
middle  life.  At  the  bcHt,  however,  the  idiot  or  feeble-minded  arc 
pcrBons  whose  lives  are  a  burden  and  a  sorrow  beyond  what  is  mea- 
surable in  money.  An  idiot  cannot  lie  supported  for  much  lew  than 
the  ineane,  and  it  is  safe  to  put  down  I20.00l),000.  yearly,  as  the  sum 
•■c  pay  for  having  the  idiot  vrith.  us.  But  160,000,000  a  year  docs  not 
represent  all;  70.0(H)  nf  the  inaane  are  men  nnd  presumjibly  bread- 
winners. The  average  worth  to  a  community  of  a  heallhy  worker  is 
about  S400  u  year.  This  sum  is  subtracted  from  industrial  activity 
by  his  Mckneea.  Assuming  that  the  70,0(«)  in.^ane  men  could  earn  this 
sum,  we  have  a  loss  of  828,000,000  more  per  year.  It  seems  to  me 
that  it  would  not  be  far  out  of  the  way  to  suy  that  the  care  and  cost 
of  the  disMued  and  defective  brains  of  the  country  is  over  485,000.000 
annually,  and  is  increasing  absolutely  at  the  rate  of  4%,  These 
figxuvs,  perhaps,  are  not  so  very  alurmin^^  to  a  nutioti  with  an  incoms 
of  $600,000,000.  It  is  a  «um  that  would  not  quite  run  the  city  of 
Nen"  York,  or  support  on  anny  or  navy.    But  it  is  an  item  to  be 
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reckoned  with  by  economist* ;  and  the  side  which  cannot  be  repre- 
BL-nted  Uy  tif;iircf<  is  still  mdn;  iiiipartUDt,  viz.,  the  sorrow  and  jtnffcr- 
inc  and  indiract  losu  in  health  und  happinees. 

If  there  were  a  science  of  state  medicine,  the  economic  study  of 
UtBaoity  which  brings  out  some  such  {i^r«s  as  those  I  have  just 
preeented  would  be  called  into  demaad. 

Stmc  medicine  in  some  of  itH  branches  in  supposed  lu  i;ivc  lu  means 
of  relief  frtim  social  evils  due  to  dtRea.te.  In  the  case  of  insanity  it 
muld  hfivc  to  call  upon  various  minor  divieions  of  eeicncc  for  help. 
The  study,  for  example,  uf  the  causes  of  insanity,  teaches  us  thut  if 
we  could  Bublract  alcoholiem  from  our  social  life,  and  nothing  took 
its  place,  we  should  cul  out  jibout  a  tenth  of  the  cases  of  iiiKnnity 
brought  on  directly  by  this  poison.  Wc  should  probably  suhtract 
a  large  number,  brought  on  directly  through  alcoholic  parents.  If 
we  could  subtract  syphiUe  from  our  civilization,  we  cnuld  cut  out  a 
tenth  more  of  the  insane.  If  we  could  do  away  with  violent  paasjons, 
shocks,  mental  striuns  uf  vimous  kinds,  wo  cuuJd  cut  out  perhaps 
25  %  more  of  the  inxnne. 

But  after  all,  supposing  even  these  practically  impossible  feats 
coutd  be  ncconipli»hcd,  tboro  would  still  be  left  a  IiirRC  [wrcentagc 
of  the  alienated,  and  this  percentage  would  include  persons  who 
developed  disordered  minds  because  they  were  bom  ft-ith  a  tendency 
to  mental  degeneration. 

It  follows  that  the  most  Jmrneasurably  important  factor  in  attempt- 
ing to  limit  and  prevent  insanity  is  to  secure  weli-bom  children;  to 
see  that  rhose  people  who  have  weakly  constitutions,  or  poLsoued 
coDstitutione,  do  not  propagate  the  kind.  This  is,  of  course,  a  thing 
which  can  only  1ml-  ucruniplifihed  by  long  ycurii  of  careful  education 
and  training.  The  science  of  eutjettica  is  hardly  yet  existent,  and  if  it 
were  a  full-fledged  science,  the  people  are  not  educated  to  receive  ite 
teachings.  There  are,  however,  known  to  be  ccrlain  fundamental 
principles  of  "eugenics"  wldch  cannot  bo  too  strongly  insisted  upon. 
One  of  these  is  that  person*  who  ha\'e  strongly  alootiolic  teudeucics. 
or  who  are  dipsomaniacs  or  drug-lakers,  are  almui*t  nuro  of  breeding 
deKcnerate  children.  And  the  same  is  true  of  those  who  arc  plainly 
eyphihtic,  or  who  are  on  both  sdeji  tul>ernulous,  or  on  both  wdf* 
psychopathic  or  neuropathic.  One  further  point  only  I  wish  to  make 
in  connection  with  this  subject,  and  that  is  the  question  of  the  results 
of  the  amalf^amation  of  races  in  this  country.  While  the  ratio  of 
insanity  in  the  I'nited  States  is  fully  up  to  that  of  other  civilized 
nations,  it  is  not  especinlly  in  excess,  hence  it  cannot  Iw  said  that  the 
fusing  of  different  races  here  has  yet  caused  deterioration.  Never- 
thele^i,  it  is  a  practical  and  serious  que.sIion  as  to  what  will  be  the 
eventual  result.  We  know  thut  when  widely  different  races,  like  the 
.African  and  Arj-an,  mix,  they  do  not  breed  good  men  and  women. 
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We  know  that,  on  the  other  hand,  races  such  us  the  Jowieh  and  thft 
Japauese,  which  have  kept  themBolvea  pure  for  ooiiiuries.  hava 
reuchcd  u  \xTy  high  sta^  of  cfficivQcy.  Scr  far  as  history  shows,  we 
have  DO  clear  proof  that  the  mixing  of  racen  breeds  races  of  a  higher 
efficiency.  But  we  do  luiow  very  well  that  the  mingling  of  very 
widely  clifTerent  ntccs  Icuda  to  u  dcgcnerutc  quaUty  of  hybrid.  What 
will  be  the  result  of  fusog  together  the  typical  Anglo-Saxon  with  (he 
dark-haired  Latin,  Slavic,  and  Semitic  races  of  Southern  Europe, 
remains  to  be  seen.  Since  they  are  all  of  Indo-Aryan  stock,  no  harm 
may  result,  but  I  have  peraonally  observed  most  disastrous  results 
amotut  children  of  unions  between  the  Scandina^nan  and  the  Spanish 
races.' 


PBychiatry  and  Psychology 

The  science  of  psychologj-  stands  nearest  to  psychiatrj-  of  all  the 
non-niedicfil  sciences.  It  should,  in  fact,  bear  the  suime  relation  to 
clinical  pHvchiatry  that,  physiology  does  to  medicine.  It  furnishes  us 
the  normal  standard  of  mental  activity,  and  sliouh)  give  nnmc  and 
definite  description  of  what  takes  place  in  the  healthy  mind.  There- 
fore, it  is  an  important  that  the  pKychiatrisl.  should  have-  a  sound 
knowledge  of  the  elements  of  psychology  as  that  the  neurologist 
ahould  know  the  anatomy  of  the  nervons  system. 

For  after  all  psychialr)-  is  now  and  will  long  be  CBsentially  a  clinical 
MJence,  a  study  of  a  grouping  of  symptoma.  In  neurology  we  make 
three  diagnospji  when  the  art  is  perfectly  exhibited.  We  have  a 
clinical  diagno^s  by  which  we  recognize  a  symptom  group,  a  local 
diagnosis  by  which  we  recognize  the  seat  of  the  discaso.  and  a  patho- 
logie  diagnosis  by  which  we  recogniKP  the  nature  of  the  trouble.  In 
psychiatry  only  the  clinical  diagnosis  is  made  as  a  rule,  and  this 
c&nic4d  dittgnoKis  \%  rettlly  dependent,  mainly  on  the  study  of  the 
peycholoK>-  of  the  patient.  Clinical  psychiatry  is,  in  fact,  only 
nwrbid  psychology. 

All  this  would  lead  us  to  think  that  the  relation  of  psychiatry  and 
psyehoiogy  should  be  an  intimate  one.  As  a  matter  of  fact,  psycho- 
logists do  not  write  with  much  reference  to  the  morbid  mind.  This 
at  leaat  is  my  experience  in  an  effort  to  orient  myself  on  this  subject. 

*  In  a  iituily  of  tlio  xiibjci^t  of  imin ignition  and  mrvoiu  and  autntaJ  diatuspB. 
■ad*  fai  \W2'iAnn\inl  It/p«rt  nf  Amt-neaii  Social  ScIimico  Association),  I  r^achrd 
(Iw  cmelasiroa  tliol  iniini^irntion  tc-udii  sligljity  toiucrMuw  the  tunountof  iiiHnnily 
out  of  prvporitoti  t(i  tlii-  DutivL-  ]H)|>iJBtlon.  purtly  tliroujch  influence  on  social  Ittv 
and  portly  tlirniigh  tlw  introduction  of  roor  (rtorlt. 

Only  A  portion  of  tlio  immiKmntji  nnd  o.^rtniti  Kppaial  rami  have  thoao  t«nd<>n- 
des.  ImDU^rantD  vi-rrr  fniuid  Ut  develop  an  cxccw  vf  oncanic  ditKcuw,  but  tu  tiai-e 
fewer  fuDdinnNl  ncrvoiw  ilim-ii.-trn  tlinn  iinlivrs,  diir  ijrohfihly  t«  llirir  social  con- 
ditinnti  and  tlu>  I'xixiKiin'  iiiciili'iit  to  ixtor  tncthodt  nl  living. 

Twenty  y^^iiw  nco  the  foreign -Ixini  made  up  a  fiflli  o(  our  population,  and  con- 
tnbutcd  to  a  ilitrd  of  tlin  eaapa  of  insanity. 
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Wc  as  Blienistft  do  not  need  a  large  vocabulary  or  very  recondite 
knowledge  of  psychology'.  Wp  do  not  rcquin;  to  hold  opinions  on 
iL&sociation  tfavories,  or  on  paxallelism  or  monism,  or  epistcniologj-. 

We  do  very  much  need  definite  descriptions  and  barmonioiui 
views  of  the  elementary  mental  proccBacB. 

Wc  dcul  in  dieorders  of  !>ensation  and  perception,  in  failures  of 
memory,  perversion  of  jvdgmont,  states  of  fc«ling  either  too  inlonso 
or  depressed,  lo«!  of  the  vohtional  function,  and  dlHordcrs  of  in- 
istinctive  reactions,  of  Rienioiy  and  of  conftciousneRs.  Yet  it  ie  not 
easy  to  find  the-fic  states  clearly  defined  among  pgyehologic  author- 
ities, I  have  a  iisi  of  the  psj-chologir  tL-rniM  mted  to  describe  Rnrnps  or 
{ndividuul  ttymptoms  in  psychiatry.  This  vocabulary  of  involved 
eymptome  has  only  about  twenty-five  terms,  but  they  mean  different 
things  according  a«  the  physician  takes  his  psycholofty, 

Psycliiatry  is  having  its  great  difficulty  in  classifying  ita  cases. 
Prartieally  every  writing  alieniftt  has  a  special  classificntioa  of  his 
own.  This  is  in  part  becauBc  eases  cannot  be  obaerwd  completely 
or  recorded  thoroughly  urithout  a  proper  language  for  recording 
the  facta.  The  older  alienists  ne\'er  knew  the  Rcienae  of  psycholoicy, 
Iwcause  there  was  none;  the  modem  are  only  learning  it.  A  thorough 
and  especially  «  uniform  undertftanding  of  psychology  is  necessary 
in  order  to  give  sharper  definition  to  observed  phenomena,  to  bring 
out  new  facts  and  to  clarify  the  symptomatology  and  make  us 
agree  upon  our  groupings.  For  example  melancholia  need  to  he 
considered  ae  essentially  a  morbid  depression  of  the  mind.  Now 
we  know  there  are  other  elements  sneh  as  retardation  and  diffi- 
culty of  thought  and  action,  of  disturbnnue  of  attention  and  voli- 
tion; we  find,  in  fact,  that  there  may  even  be  a  melanchoha  with- 
out any  melancholy.  It  iii  in  the  observation  of  the  often  obviou!) 
p»<ycliic  atates  and  in  the  correct  record  of  all  deviations  that  we 
may  expect  to  make  real  progress.  And  wc  need  a  uniform  psych- 
ologic vocabulary  for  our  purpose,  as  well  as  a  pretty  thorough 
psychologic  training. 

I  have  collected  from  the  writings  of  Stout.  Morgan,  James. 
Baldwin,  Ijadd,  Calkins.  Titcheuer.  Sully,  llie  definitions  or  views 
given  by  them  of  the  elcmentnry  and  other  mental  processes: 

Sensation,  impreasion,  perception,  percept,  conception,  concept, 
image,  idea,  ideation,  judgment,  reason,  reasoning,  emotion,  feeling, 
eentinicnt,  conutJou,  will,  volition,  cunsciouancas,  memory,  associa- 
tion. There  is  substantial  agreement  about  the  significance  of  perhaps 
the  majority  nf  them,  and  I  quite  understand  that  the  mind  is  not 
to  be  divided  lain  sharply  limited  mental  proc<-sse»,  tiul  Ihftl  inentui 
states  are  all  complex  and  that  one  process  overlaps  another. 

Nevertheless,  there  are  decided  differences  and  vagueneswB  in 
the  views  of  aeosation,  perception,  of  concept,  memoiy.  image, 


I 


RELATIONS  TO  OTHER  SCIENCES 


SSI 


idea,  will,  consciousness.  The  eetnbiii^ment  of  a  better  relatioa 
between  psyi-hiutry  and  pMythoIogy  is  at  any  ral«  a  llunK  much 
needed,  but  belongs,  periiaps,  to  Ihe  problems  of  psychiatry. 

The  followini;  are  exampleei  of  the  differenced  in  the  definitton  of 
demeDtary  psyohologtcaJ  terms  Btnoog  leading  psyohologists. 

Imprtuion  is  tbo  simple  raeult  of  a  stimulus.    (Morgan.) 

Senaaiion  in  the  discrimitiatioo  and  reoognitioa  of  the  impreH- 
sous  as  of  such  and  micb  a  quality.  It  is  the  reception  and  dis- 
mininatioD  of  improssions  which  rosuit  from  oertoun  modes  of 
BtimuU,  like  sight,  hearinii;.    (Morgan.) 

PerctfAian  is  the  proceee  by  which  eensatione  ure  given  object- 
ive significuiM,  being  supplemented  by  Kvivod  scnsutioos.  (Bully, 
Uori^n.) 

Prrrrplion  always  invnlvcB  sensatioc.    (James.) 

PrrcejA  is  the  ii(!;(?regitti'  of  the  revived  and  actual  sensations, 
integrated  and  twlidified.    (Morf^&n.) 

PmepUon  (Wahrnthmung,  Anachauung): 

(1)  Cognition,  t«>  far  as  it  iuvolvet*  the  presence  of  actual  sensa- 
tion as  diFtingui^hed  from  moatal  imagery. 

(2)  rognilion  of  subjcrfivo  pnjotaw  as  such;  the  apprehensioc 
of  the  acluul  presence  of  this  process  in  distinction  from  the  ideal 
lep  resent  At  ion  of  it.    (Stout.  Baldwin.) 

The  old  writ<'r«  used  (xnrccption  an  a  synonym  for  cognition  In 
general.  The  later  tend  to  fuse  nansation  and  perception,  Some 
speak  of  inner  sense,  inspection  or  introspection  as  perception. 

Prrceptirm  (WahrnehmunQ)  is  the  procesa  of  the  apprehen^on 
of  sense-objects. 

Aruehaitung  is  rather  sense-intuition.  (Baldwin,  DieHonary  of 
Paythoiogy.) 

Memorita  of  percepta  are  simple,  particular  or  concrete  ideas. 
(Roman  ee.) 

Image  (BUd).  The  mental  scheme  in  whicli  semntiona  or  the 
«en«ory  elements  of  perception  arc  revived.    (Baldwin,  Stout.) 

frfea  (yorttfitung).  The  reproduction  with  a  more  or  leas  ade- 
quat*-  image  of  an  object  not  actually  present  to  the  senses.  (Stout, 
Baldwin.) 

A  mental  image  ia  an  idea,  according  to  Ladd. 

The  German  Vontfllnni/  is  sometimes  used  to  cover  both  pMw 
ceptioD  and  idea,  and  there  is  a  tendency  to  give  the  same  wid9 
application  in  English.     (Titchener,  OiUlines  of  Psychology.) 

la  a  perception  the  object  perceived  is  usually  supposed  to  bft 
present. 

IdtOM  vhieh  arc  general  and  abstract  are  concepts.     (Komanes.) 

Ideas  which  are  complex,  compound,  or  mixed  are  recepts.  (Ro- 
t) 


I 


2&2 


PSYCniATRY 


i 


Ideation  is  the  e^lcincnliiry  mcntiil  pnjctKS  invol\'ed  in  all  work 
of  the  reprettentative  faculty.  The  products  of  tbis  are  mental 
images  or  ideas.    (Lndd.) 

Conception  ia  Ihc  function  by  which  wc  identify  a  numcriciilly 
distioct  and  permanent  subject  of  discourse.    (JameR.) 

Concepts  rtc  the  thoughts  which  aw  the  vehicles  of  conception. 
(Jumea.) 

A  coRcepf  ie  s  general  notion  or  generHl  idea.    CSnlly,  Romanes.) 

A  concept  is  an  image  or  (iceneral  idea  into  whirh  there  have 
eutered  elements  wbieh  have  been  isolated  by  analysis.  The  term 
toidiCT  may  eland  for  u  percept  or  concept  according  tut  there  arc 
asaoeiated  with  it  qualities  not  identified  with  ft  particular  toldier. 
(Morgan. ) 

A  concr])t  (BrgnjJMdunii)  is  cognition  of  u  univCRal  M  distin- 
guished from  the  particuUrg  which  it  uni6es.  The  universal  ap- 
prehended in  this  way  is  called  a  concept.  It  unifies  a  diFtinctioo 
Wtween  the  universal  and  the  particulnr. 

In  philosophy  it  is  common  to  apply  the  word  more  widely,  ao 
as  to  cover  the  universal  clement  in  knowledge,  e.  p.,  the  categories 
of  Kant  were  called  concepts. 

In  psychology,  John  lUie  is  a  particular  ooncept;  a  liianglc  i» 
a  genernl  concept.    (Stout,  Baldwin.) 

Reamn,  in  English,  meane  often  reasoning  or  reSective  thought, 
his*  often  intuitive  and  certain  knowledge,     ll>iet.  of  Ptychaloi/y.) 

Reason  is  a  form  of  knowledge  which  apprehends  in  one  imine* 
diate  act  the  whole  system,  both  premise  and  inference,  and  thus 
lift.-*  coiiiplfte  and  unconditioned  validity. 

This  distinguishes  it  from  understandiog  [Verstand).  wliich  ia  a 
form  of  knowledge  that  is  discursive,  and  hence  based  on  premises 
and  hypotheses  not  them-telves  the  ba.'^s  of  refle<;ti(m.  (J.  D.,  Did. 
of  fsychoiomf.) 

Reason  (Vcrslaiul,  K6yos)  is  that  faculty  or  procc8F  of  mind  which 
consists  in  the  drawing  of  inferences.     (G.  E.  M.,  B.  Diet,  of  Ptych- 

There  arc  other  more  restricted  definitions  given : 
Reason  is  to  pass  from  certain  judgments  to  a  new  one.    (Sully.) 
Rmton  includes  the  formation  of  a  judgment  or  concept,  not 
inference,  then  passing  from  it  to  a  new  one.    (Morgan.) 

Jvdipnmi  (Urthrihkraft,  Urthcil).  The  mental  (tmclion  and  act 
of  ussertion  and  predication.  The  term  is  also  apfilied  to  the  re- 
sulting assertion  aa  well  as  to  the  process  or  function.  Judgment 
as  H  mental  process  is  similiir  to  Ijelief.    (Baldwin.) 

Modem  psycholog^Bts  find  it  difficult  to  define  belief  and  judg- 
ment without  overlapping,  and  French  psychologists  class  delusions 
or  false  beliefs  as  disorders  of  judgment. 
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is  a  conHciouH  mentu)  synthetuH,  a  UDJfyinii;  act.    (Ladd.) 

Jwigmtra  ie  an  inference  in  the  form  of  a  proposition.    (Morgan.) 

Conation    (Strrl/fn).    The  theoretic   active  element  <tf  conscious* 

neas,  showing  it«olf  in  tendencies,  impulses,  desiree,  and  acts  of 

volilioD.   "Conation"  in  general  "is  unrest."   The  term  will  (ipt/fc) 

is  often  used  in  tlie  mantt  .sen.'ce. 

Streben  is  translftted  efJoH  by  Titclieiier. 

Begthren  it)  used  for  conation  by  othent.  (Did.  of  Ptycholo^j.) 
Volition  i«  the  ftioulty  of  the  forkeiJ  wny,  llie  powihiiity  of  aotioii 
or  inhibition.  Man  has  perceptual  volition,  in  which  he  is  conscious 
of  11  choice,  but  doCB  nol  reflect  upon  it.  He  has  ronccpluiil  voli- 
tion, in  which  he  is  con-toious  of  choice,  and  can  reflect  upon  his 
ehfflce.    (Morgiui.) 

VolUion  is  u  definite  cimntive  activity  conHcioUMly  diriirt*id  to- 
«'ard  the  realization  of  some  mentally  represented  end,  preceded  or 
accompanied  by  a  desire,  and  ii!«vin]|y  accompanied  or  followed  by 
llie  feclioK  of  effort.    (Baldwin,  Stout.) 

The  settlement  by  the  self  of  a  psychic  issue,  the  adoption  of  an 
Bid.    (Bald«-in,  Stout.) 

Will  is  that  conative  organisation  of  which  volition  in  the  ter- 
minus or  end-sttttc.  Will  is  conation  in  the  concrete,  determined 
loan  selual  terminus  by  volition.    (Baldwin,  Stout.) 

Kmoiion  iAffcd).  A  total  state  of  conseiouaness  conaidered  M 
irti.'olving  n  di»!liiiciive  feeling-tune,  and  »  chnract eristic  trend  of 
irlivity  arouAed  by  a  certain  situation  which  ia  either  perceived 
(T  ideally  represented.  (Stout.  Baldwin.) 
Feeling  or  feeling-tone  {Otfiihl)  ik  iib^olule  emotion. 
TTic  same  conseious  state  may  be  regarded  either  simply  aa  feel- 
tD|,  emotion,  paisKion,  or  nuntiment.    (Ladd.) 

Conacioiiantss  {Bewutatein).  The  dii^tinctive  character  of  what- 
ever may  be  called  mc-nlal  life.  It  is  the  point  of  divimon  between 
iJjiid  and  not  mind.  (Baldwin.)  liVhiitevcr  we  are  when  we  are 
"(rt  unconseious,  that  is  ronsoioUBnesa.    (Ladd.) 

Karlier  psychologists  called  it  the  mind's  direct  cogniiiance  of  its 
"*n  states  and  proccssea. 

The  word  is  not  even  indexed  in  Calkin's  Blcmentt  of  Ptj/cho' 
*9l/  and  is  not  defined  by  James. 

fJonsciouaiuas  or  awareness  nieaiia.  according  to  G.  Spillcr,  that 
'  *)otion  doe*  not  stand  by  itBcIf,  but  is  connected  to  another  no- 
"On;  the  word  "connection"  may  better  be  iiaed  for  it. 

Ptyekiatry  and  Pky»ic§ 

The  science  of  physics  is  in  closer  relation  to  the  administrative 
care  of  the  insane  than  to  psychiatry  proper.    Light  and  electricity 
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have  as  yet  Tittle  to  do  with  our  puthologj-,  und  oot  much  with 
our  iherapeiiticR.  We  are  watching,  however,  with  interest,  the 
various  iicwly-discovered  Lght-rayu  and  their  influence  on  bodily 
function,  oa  well  as  the  new  concoptions  of  the  elcnurnts,  and  their 
possible  bearing  on  the  physaolojiy  of  the  mind. 

So  far  the  medical  and  surgical  effects  have  been  superficial  and 
have  produced  resultts  only  on  groins  ftnd  objective  v^ideDces  of 
diifease,  such  as  tumors,  ulcerations,  etc.  Some  claims  have  been 
made  that  the  Rontgen  ray  nnti  relieve  paia  in  neuralgia  njid  tabes. 
will  l«8Svii  or  ctici;k  cunvulttive  attucks  in  epilejifty,  and  have  ft  real 
phyaical  effect  upon  the  lymphatic  and  glandular  tissues,  &s  in 
thyroidism.  It  if  not  impossible  that  Bomc  forms  of  radiant  energy 
pitssed  through  the  nervous  centres  may  modify  the  metabolism 
and  produce  therapeutic  results,  but  this  is  speculative,  and  it  is 
not  likely  that,  at  the  best,  mu^h  ran  lie  accomplished. 

It  seemi*  to  l)e  well  estabtished  that  very  rapidly  alteruatinK 
electric  currents  of  enormous  voltage,  when  passed  through  the 
body,  increase  metabolic  changes,  but  here  again  nothing  ver)* 
definite  has  yet  been  achieved  therapeuti rally. 

The  problem  of  helping  the  aUcnated  by  phyfacnl  meana  is  a 
tterioUR  one — it  means  that  we  must  change  a  pitychopathic  con- 
stitution 80  that  a  pert?on  who  has  a  melancholia  or  is  tbreateued 
with  it  will  be  rid  of  the  disorder  and  of  the  tendency  to  its  re- 
cturence.  Some  readjuatnienl  of  glandular  activity  of  the  hver 
or  Htomach,  or  some  increaaed  activity  of  absorption  and  secretion 
and  elimination,  must  be  seeurfttl,  or  by  some  subtle  itiSucnce  wc 
must  teach  the  brain-cells  to  build  up  and  break  down  in  a  normal 
and  well-balanced  manner,  or  by  specially  directed  training  struc- 
tural defecta  in  the  arrangement  or  insulation  of  the  neuron  niuirt 
be  overcome. 

Here  iu  a  field  in  which  the  Bncr  physicul  forces  may  play  a  part, 
and  we  already  know  that  the  influence  of  direct  .tunlight  is  help- 
ful in  delaying  degeneration.  Other  physical  agencies  nmy  be  found 
which  will  furnish  more. 

I  can  only  suggest  the  poasibility  that  in  psychic  activity  then 
may  be  radioactive  changes,  a  breaking-iip  not  only  of  molecutea 
which  we  know  occurs,  but  of  the  atoms  themseh'c«.  This  hypo- 
thosia  is  in  the  Une  of  the  alleged  n-ray  phenomena  of  Blondlot. 

Pgifchiafnj  and  Pnychotherapy 

It  is  a  popular  question  whether  the  mind  does  not  produce 
more  diseases  than  do  organic  changes  of  the  body.  In  fact,  the 
supporters  of  the  belief  that  the  mind  is  more  important  than  the 
microbe  make  a  large  cult  in  this  country. 
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I  do  aot  know  that  the  question  really  lieecrvej!  very  serious 
coasi deration.  A  little  nctjuaintance  with  diiipenKai^'  and  hospiral 
practice  and  the  recordt:  of  tlie  health  boards  is  sufticieot  to  show  ■ 
that  mental  states  rank  far  below  thu  infectiORH,  poinons,  inflamdui- 
tioDB,  <ir  injuries  as  makers  of  symptotna  amoiig  all  claeses.  I  think 
it  would  be  safe  to  say  that  the  general  praetilioner  meets  a  real 
objective  diHcaitv  tvt-enty  times  lu  une  in  which  the  syraploiue  are 
due  to  the  attitude  of  the  mind.  The  inind  disturbs  functions  and 
creates  symptoms,  but  it  muddles  rather  than  makers  di^ea:«c.  To  ix 
sure,  it  is  indirectly  a  potent  thing.  Thus,  in  conditions  of  profound 
depression  there  is  a  lessened  vital  and  circulatory  resistance,  and 
infection  can  ercep  in.  It  would  never  do  for  physicians  to  fight  an 
epidemic  with  cold  hands.  Conditions  of  the  mind  can  favor  or 
delay  digestion  and  peristalis,  and  there  i«.  indeed,  no  function 
RMre  susceptible  to  physical  control  than  the  phylopoietic  ira? t.  One 
can  almost  stop  digestion  by  taking  thought  of  it,  and  the  influ- 
ence of  mental  treatment  and  eUKar  polletH  upon  constipation  can 
be  given  objective  proof  in  many  inxtancSH.  The  mind  has,  in  fact, 
quite  a  lively  though  incomplete  and  temporary  control  over  the 
ilifFcrcnt  functions  of  the  body,  mid  it  can,  after  ycjtrs,  do  some 
daniAjEe  to  them.  It  can  check  and  change  secretions,  indirectly 
tliickeo  arteries,  cripple  functional  activity,  and  hurry  on  old  age. 
But  after  all,  the  ma«H  of  people  are  «ick  with  tul>erciilo8is,  rheum- 
atism, bronchial  and  heart  diseases,  and  the  infect  ions  and  theinjunes 
of  life. 

As  the  mind  can  help  on  disease,  so  it  can  help  on  its  cure;  but 
t  healthy  person  cannot  by  an  act  of  hia  mind  make  biniBclf  craxy; 
>nd  neither  can  he  by  any  mental  influence,  if  crazy,  make  himself 
%'ell.  It  has  been  proved  beyond  any  question  that  persons  who 
have  severe  and  profound  degenerative  traits  cannot  be  cured  by 
pi^'chic  suggestions. 

Hypnotism,  for  example,  is  powerless  against  the  iosanitiee  after 
they  have  devcloiwd,  it  ie  pow«rle.S8  even  agnin»t  the  minor  iwyeho- 
BSfl  that  are  long  CKiablished  and  of  severe  type,  such,  for  example, 
U  chronic  hysteria,  the  long-established  obsessions,  vicious  mental 
habila,  and  severe  degeneracy.  What  i.i  true  of  hypnotLim  is  true  of 
lit  forms  of  mental  therapeutics,  and  all  types  of  charlatanry  that 
fcppeal  to  the  iuiaginution.  It  may  be  noticed  that  thf  qutick  and  the 
exploiter  of  marvetoux  cures  never  Btarta  a  psychopathic  hoHpital 
or  offers  to  work  in  an  insane  asylum.  When  the  mind  is  a  little 
enfeebled,  ovcr-ecnsitivc,  or  untrained,  it  is  easily  worked  upon  by 
emotional  influences  and  suggestions;  when  It  is  sound,  and  trained 
by  education  and  experience,  and  when  it  is  seriously  disordered,  it 
is  not  affected  by  these  agencies.  Psychic  measures  of  treatment, 
on  the  whole.  End  their  legitimate  field  in  internal  medicine,  among 
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those  who  have  Uie  minor  symptoms  and  functional  disorders  in 
wliicli  tlie  mind  is  simply  needing  instruction  to  a  new  point  of  view, 
■or  ihe  stimulus  O'f  a  strong  hope  which  fixes  attentions  and  steadies 
the  whole  mental  machine.  Psychic  therapeutics  often  cure  by  giving 
faith  and  purpoeo  to  the  wiiilc,  wavering,  and  discuuragt^d.  And 
fAilh  in  .something  in  alwayn  a  oane  and  moiit  helpful  element  in  a 
person's  character. 

So  far  fw  psychiatry  in  concerned,  wc  can  expect  little  help  from 
the  ftcienoe  and  art  of  paychio  or  hypnotic  therapeuticfl.  Its  field  ia 
narrow'  and  docs  not  take  hold  of  our  serious  coses. 

So  fur  H»  internal  medicine  i.<  concerned,  montnl  influence!*  pro- 
duce many  diatrpssing  disorders  of  function,  which  may  simulatfl 
various  diseases.  The  mind  is  a  factor  always  in  mndif>'ing  the  lec- 
ture of  di!«eai*e,  and  the  physician  can  never  diagnosticate  or  tre«t 
hifl  patient  without  taking  the  individual's  mental  attitude  into 
account.  This  fact,  which  psychiatrists  Icam,  can  Ije  impres.sed  with 
advantage  mi  the  followers  of  internal  medicine. 

Psychiatry  and  Seurology  and  Internal  Mcditint 

In  the  pu»t  the  field  of  work  of  the  psychiatrist  has  been  pcrfoixte 
much  narrowed  through  the  neceniiities  of  psychiatric  administra- 
lion.  It  was  long  confined  to  the  study  of  types  of  mental  disorders 
which  had  reached  their  height  and  shown  their  hopelessness.  It  wits 
as  though  pulmoQary  tuberculosis  had  been  mainly  studied  in  its 
third  stage,  or  typhoid  fever  mainly  in  its  second  week,  or  heart 
disetuw  after  drop.*y  had  set  in.  For  when  a  psychosis  is  fully  devel- 
oped and  haa  bloomed  into  mania,  or  a  dementia,  the  morbid  coti- 
dition  has  arrived,  the  god  is  no  longer  behind  the  machine,  but  on 
it.  It  can  now  lie  watched  and  its  natural  hi.'ttnry  Atudied,  but  in  75% 
of  eases  this  is  all;  it  cannot  be  cured.  In  only  a  small  percentage 
will  it  be  possible  to  leam  why  it  came,  and  pttychiatrj*  can  only 
reach  a  certain  stage  of  progress  when  its  study  is  limited  to  the 
middle  and  terminal  parts  of  mental  disorders. 

The  field  of  psychiatry  needs  thus  to  be  broadened  by  securing  the 
help  of  those  branches  of  internal  medicine  in  which  the  earliest 
phajtes  of  mental  deterioration  and  disorder  show  themselves.  It  was 
long  ago  noted  that  neurasthenia  might  be  called  an  abortive  par- 
anoia. It  is  my  experience  that  about  a  third  of  the  cases  of  decided 
metani'holia  are  preceded  by  attacks  of  what  is  called  nervou.s  pros- 
tration; and  the  same  is  in  a  measure  true  of  the  early  demential 
p»ych«iww  and  of  paresis. 

In  fine  it  seems  to  me  that  a  most  fniitful  practical  field  just  now 
for  clinical  sludy  is  that  of  what  I  term  the  minor  psychoses  wliich 
includes  a  vast  number  of  indetertoinutti  mental  conditions,  classed 
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u  iHuraslheiiias,  h;8t«rin8,  phrcniutlicniu,  obsesnoos,  impulaive 

ttuataii.  nnd  mild  nwlAncholic  and   hypuchondriac  stutea.     Theoe 

palieiitc)  now  full  into  ihe  huitls  of  the  general  practitioner,  who  is 

WMried  and  ummprcsscd  by  them,  and  who  fule  from  ]ft«k  of  intcnst 

toftudy  theui.or  into  ihe  handH  uf  sjwcialJMtM  who  treat  their  r?Qex(>!i. 

KeoeraJly  without  avail,  or  ioto  Ihe  hands  of  neurologists  who  d«al 

Willi  them  gener&lly  us  having  a  temporary  neurons  iQftt«ad  of  a 

pBychoaia  or  the  thiiig  out  of  whioh  one  may  grow.   It  is  to  be  hoped 

*nd  expected  that  Ihc  follower  of  internal  medicine  and  the  ncuro- 

'ogi«t  will  study  the  casett  more  Aenoiutly,  and  from  the  point  of 

view  of  the  psyi^hiatrist  especially.    In  this  way  we  shall  be  able  to 

'**iim  the  very  earlieBt  Gymptoms  that  nugKcst  the  oncoming  of  manm 

And  dementia  praecox;  we  will  leani  better  the  type  of  infancy  and 

childhood  out  of  n-hieh  it  grows;  wo  shall  leam  bow  to  check  and 

^o  prevent  it. 

An  illustration  of  auch  help  of  neurology  and  eyphilolog)-  lo  p^cfa- 

'fitri'  if  already  showii  in  (he  development  of  our  knowledge  of 

StOnrral  part'se.  Tlus(ii»eam:  waa  it-TOKniwiia  huinlredyeaniago.  lt» 

etiology  was  not  even  distinctly  suspected  till  6fty  years  ago.    An 

e>8tablislipd  connection  of  It.-*  relation  to  lues  is  hardly  mnro  than  ten 

Ve&rs  old,  tJiis  being  worked  out  by  the  coOperatiofi  of  (he  syphilo- 

Srapher,  the  neurologist,  and  the  peychiatrist.    New  fcaturea  of  its 

Course,  particularly  the  physical  symptoms  and  early  gymptoms,  have 

hK>cn  derived  within  a  few  years  largely  through  the  help  of  ptiych- 

tatrista,  neurologiats,  and  syphilographers  working  together,  until 

now  the  oniKH  of  disenw  is  recognixed  ulmoa^t  before  it  is  present ,    IJy 

reason  of  this  ita  eouise  has  been  checked,  and  it  is  my  Ijelief  that 

caaeahavc  Ijeen  pej-mancntly  arrested  in  their  progress,  so  that  we 

Tnti-y  now  nay  ttial  paresis  may  sometimes  be  aborted,  if  not  cured. 

All  this  1106  been  done  through  the  cooperation  of  alienists,  ncuro- 

Ingialfi,  and  syphilogrupheni. 

So  it  seems  tome  a  like  cooperation  will  etialile  tinmtme  ttay  to  cope 
with  mania  melanchoiiii.  chronic  mclitnoholta,  and  the  precocious 
dementias.  In  this  work  we  muot  have  the  help  of  the  practitioner 
dS  children's  diseases,  of  the  general  practitioner,  and  of  the  educator 
ho  studies  the  growing  child. 
A  great  deal  of  work  han  already  been  done  in  measuring  children, 
studying  their  growth,  their  mental  activity  and  reactions,  but  not 
much  has  yet  been  formulated  which  is  helpful  to  ub  ap  jMfj'chiutrists, 
t^i  foresee  a  coming  pi^ychosis. 

This  field  needs  further  study  from  the  oathropologlBt  and  the 
doctor  of  infancy  and  childhnod.  We  do  not  want  to  know  alotie  that 
a  ehild  is  nervous,  excitable, easily  febrile,  a  bad  slcopor,  and  a  noisy 
dreamer.    But  what  arc  the  special  symptoms  which  may  lead  us  to 
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foreaw  a  dementia  pruccox  at  eighteen,  or  an  hysteria,  or  a  mams 
inelAlifiholia  before  adolesceneer  or  &  p&ranoia  at  matuiily? 


FiifehiatTy.  Fatholoffy,  and  Fhysioloific  Chiminlry 

Thore  in  an  increasing  conviction  ainonfc  psychiatrists  that  some 
ijiheritei]  defect,  often  most  subtle  and  difficult  to  recognize,  is  pre- 
sent in  all  those  who  develop  mental  disordera  without  tiome 
orijpnal  weak  spot  in  the  psyche  or  soma,  the  man  who  io  infected 
will  not  get.  paresis  or  tabes;  the  man  who  has  fevers,  toxenuos. 
shocks,  luid  omotional  oriscri,  will  not  get  a  delirium  or  insanity. 

But  the  weak  point  in  a  degenerate  constttulion  may  not  he  espe- 
cially  in  the  nervouH  system.  It  may  be  in  a  glandular  defect  or 
iunuRiciency.  One  can  imagine  a  person  haN'ing  coiigenitally  defect- 
ive adrenal  glands;  as  a  result,  the  blood-veasols  are  not  kept  at 
thdr  proper  tonicity,  and  widespread  defects  in  function  follow.  In 
the  same  way,  there  may  be  defective  or  overactive  thyroids,  and  the 
tonux  of  the  nervous  syetcni  is  disturbed.  There  is  no  doubt  that  the 
large  colon  ha.s  important  functions  in  selective  abnorption,  und  to 
an  extent  in  secretion.  It  i$i  an  organ  that  seems  especially  attuned 
to  cerebral  state*.  It  goea  wrong  at  times  with  every  one.  but  if  it  is 
congenitally  wronR,  if  it  is  bum  wrong,  it  is  then  one  of  the  atigmata 
of  degeneraoy.  Thus  a  person  may  have  a  psychoaia,  because  he  has 
congenital  defect  in  the  colon  or  other  organei  than  hi$  nen'ous  sys- 
tem; the  bruin  may  \x  a  very  good  one,  but  these  adrenal  organs  — 
the  thyroids,  the  blood-making  organs,  the  enteric  membrane,  tbe 
liver — may  be  fimdamentally  defective  or  the  circulatory  organs 
may  be  badly  developed. 

Now  it  will  bo  the  part  of  the  clinical  pathologist  and  chemist  as 
well  as  of  the  anatomist  to  search  out  the.>4e  faetors,  and  in  this  way 
help  the  psychiatrist  to  steer  his  way  in  the  future. 

I  do  not  believe  that  the  results  of  this  work  can  be  ^xrJ■  fruitful 
AS  regards  the  severe  dementing  forms  of  mental  disease;  here  there 
18  always  fundamentally  a  fault  with  the  brain  in  structure  or  func- 
tion. But  in  the  fimctional  and  non-dementing  jisychoses,  such  a» 
mania  and  melancholia,  and  in  the  minor  psychoges.  such  as  hysteria, 
many  types  of  neurasthenic  insanity,  we  may  expect  much  help. 

Insanity,  on  the  whole,  is  not  a  very  curable  affection.  It  is  prob- 
able that  leas  than  a  fourth  get  permanently  well,  and  its  rate  of 
cure  is  therefore  less  even  than  that  of  pulmonary  tutjcrculosis. 
pneumonia,  or  the  infective  fevers.  Nor  is  it  likely  that  the  percent- 
Age  of  cures  will  ever  be  a  very  high  one. 

Wc  may  look  to  the  sciences  of  pathology  and  chemistnr,  however, 
for  some  help  iu  this  direction.  It  bas  been  already  shown  that  io 
degenerative  diti«aae  of  the  nervous  tiiisue  there  is  the  perverted 
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tnetttbolism,  vhicb  leads  to  th«  brcsking-up  of  thv  lecithio,  the 
important  fftt  conKliluent  of  the  nervoim  Ruhotunre,  into  poisonous 
by-tHXKtuct«,  neuiin  and  cholio.  These  circulate  in  the  i}inphalics 
and  blood-vesi(elH  and  irritate  and  further  poison  the  no^^'C-cc^t^cs. 
So  that  when  the  brain  actively  degeneratt'H.  it  pniducea  a  poison. 
This  poison  reacts  on  the  nervous  centres,  causng  new  symptotns, 
and  tbtu  a  \-iciou8  cycle  \e  set  up.  Some  of  the  ciinets  of  pure^^  and 
the  dementias  may  have  this  origin. 

The  function  of  the  lower  bn«-el  eeems  to  have  eome  close  reliition 
with  the  funolioning  of  the  nen-oue  centres,  and  tin  antotoxemia  is 
perhaps  an  important  elemeni  in  both  depressive  and  maniacal 
Mates.  Indeed  the  appearance  of  mania  especially  suggests  an  auto- 
intoxication. One  caiiiiot  observe  the  apparently  caiiaelesa  recur- 
rence of  mania  and  melancholia  without  the  eonvietiou  that  behind 
it  all  is  a  di»onlcr  of  metii holism  leading  to  a  toxic  state. 

We  may  expect,  therefore,  much  from  the  further  studies  of  the 
ph>'sio)ng)c  chemist.  Such  studies  will  include  the  activity  of  the 
ductleiss  glands,  the  adrcnulH  and  thyroid,  and  in  particular  of  kidney. 

We  cannot,  it  is  true,  expect  to  find  any  objective  explanation  of 
the  tendency  which  the  alienated  posse-ssca  to  pass  repeate<!ly  into 
states  of  mania.  But  we  may  find  the  nature  ttf  the  nutril  ional  change 
that  excited  it.  and  by  proper  methods  we  may  be  able  to  keep  ofT 
recurrence  of  insanity. 

This  it  aeems  to  me  ie  a  hopeful  field  of  therapeutics  wliich  is  now' 
pmented  to  ahenists. 

The  clinical  pathology  of  the  hlnod  has  a.**  yet  been  of  little  help  In 
psychiatry.  The  examinations  throw  no  light  on  the  caui*e  or  typo 
of  a  peychoais.  Nor  do  clioical  pathologists  promi)s(>  ua  much  here. 
If  we  could  find  and  cultiviite  the  germ  of  syphilis,  a  fielri  would  be 
opened.  .\[  present  there  are  uo  biologic  blood-tests  that  help  us. 
It  seems  as  if  the  ingenuity  of  the  invcstigntor  would  wjnie  day  in 
wme  way  show  us  objectively  some  blood-chanRea,  for  example  in 
•cut*  mania  or  delirium  —  yet  it  has  not  been  done. 

Pathologic  anftli^my  is  a  subject  of  more  academic  than  practical 
interest  to  the  psychiatrist.  The  burden  of  our  work  should  now  be 
away  from  mnrphoIg>'  and  more  in  physiolog:ic  lines. 

P&ychMlry  and  Criminotogy 


The  relation  of  psychiatry  to  criminal  aaihropology  is  a  close  and 
important  one.  Tliere  is  on  t  lie  one  hand  the  instinctive  or  hereditary 
criminal,  and  on  the  other  the  moral  imbecile  and  the  insane  who  do 
criminal  acta  perhaps  casually  or  lus  an  aecidcntsl  product  of  violence 
Mod  delusion.  It  is  for  the  psychiatrist  to  help  in  soKing  the  difficult 
problems  of  the  border-hne  eases.  As  a  rule  we  can  say  that  thecrim- 
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inaPs  act  nam  a  (ie6nit«  motive,  and  tlml  his  crioKS  are  M  his  tem- 
porarj'  or  apparent  advantage.  The  moral  imbecile,  on  the  other 
liund,  is  in  iiio«t  ciinc^  u  piTKon  whose  iict:^  iirc  dune  Hnthout  rAtiorinl 
motive,  or  are  lo  satisfy  only  some  morbid  feeling,  perlmps  remotely 
sexual,  perhaps  something  not  easily  defined,  a  kind  of  ttta\-btic 
lust- hunger. 

But  no  definite  laws  can  yot  be  laid  donn.  Each  ease  must  be 
studied  by  itself  in  the  light  of  our  best  clinical  knowledge  of  what 
coniitituteo  an  insane  mind.  We  muAl  bear  in  miiid  in  doing  this  that 
society  cannot,  on  the  one  hand  afford  to  be  cruel,  and  on  the  otlier  it 
cannot  afFurd  to  net  aside  easily  individual  rcfpiinsibitity. 

For  the  purpose  of  securing  the  end.i  of  juHtice  in  Rwy  of  these  cases, 
such  laws  as  have  been  enacted  in  Maine,  Nev  Hampshire,  and 
Vermont,  and  i-spcrittlly  in  MasMarhijsi^Mn,  arc  Ix^st  calfulaled  to 
help  on  the  aims  of  justice.  These  laws  authorize  the  prosecuting 
attorney  or  judge  to  place  the  accused  in  a  hospital  where  he  ean  be 
under  constant  aurvfillanrc  of  phyaicinne,  trained  experts,  and 
attendants. 

The  MiissachiiBetts  law,  for  example,  rends  as  follows: 

"Chapter  219,  Seclior  11.  If  a  ]K.T.son  under  indictment  for  any 
crime  is  at  the  time  appointed  for  trial,  or  at  any  time  prior  thereto, 
found  by  the  court  to  be  insane,  or  is  found  by  two  experts  in  in- 
sanity designated  by  the  court  lo  be  in  such  mental  condition  that 
his  eommitlul  to  an  insane  hospital  is  necessary  fur  the  pro{H<:r  care 
or  for  the  proper  observation  of  such  person  pending  the  deter- 
mination of  his  iusaulty.  the  court  may  cause  him  to  be  committed 
to  a  Ktatc  inHiine  hospital  for  such  time  and  under  such  Umitnlioi 
flsthc  court  may  order." 
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Ptychiatry  ntui  /'orensic  or  Legal  Medicine 

Forensic  or  legal  medicine  as  a  separate  branch  of  science  seems  m 
a  way  to  have  died  out.  It  uwd  to  be  ^ystematieHlly  (might  in  » 
number  of  our  medical  schools,  but  the  chairs  have  been  abandoned. 
This  is  not  tw^ause  the  subjects  which  arc  dealt  with  have  ceased  to 
l>e  of  importiince  (from  1S94  to  180J)  there  were  S64  contribiuions 
to  the  forensic  medicine),  but  becamte  they  have  been  assigned  to 
different  specialtiess  —  the  chemist.  pHthoIngist.  psyrhiatristfl.  neu- 
rologisis,  and  lawver*.  Forensic  medicine  bus  been  broken  up  into 
special  branchea  and  hardly  exists  any  more  as  a  particular  depart- 
ment of  human  knowledge. 

Psychiatry  h&tt  much  to  do  with  the  law.  however,  and  some 
forensic  medical  knowledge  may  be  considered  almost  a  part  of  the 
requirement  of  a  psychiatrisl.  Happily,  the  harmonious  rooperution 
of  law  and  medicine  io  the  profeseioual  activity  of  the  alieuiat  is 
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object  that  has  \ieen  fairly  w(>l)  attained,  so  far  an  reganls  therare 
and  guardianship  of  the  iii»aiie  is  coucemed.  TfiUi^,  the  iiintter^  of 
commit  men  t.  delcalion,  (^uurdianxliip,  discharge  arc  problems  fuirly 
veil  solved  in  many  titates,  and  their  diflOTitwion  is  ntit  in  the  sphere 
of  my  address.  I  can  but  express  the  hope,  however,  that  the  tend- 
ency of  legislation  will  be  to  l&safin  the  restrictions  and  nmplify  the 
legal  methods  conueutcd  with  the  care  of  the  insane.  It  should  lie 
easy  to  Rct  into  a  hospital  and  easy  to  get  out.  The  insane  should 
more  and  more  be  voiiKiilcred  as  eick  persons,  which  they  are,  and 
tre8t«d  as  nearly  m  possible  on  such  lines, both  by  the  doctor  and  the 
tkw>'er. 

Ptychiatry  and  Afithropology 

The  results  of  the  work  of  an thropologiatn  of  the  Lombposo  schocri 
have  been  fruitful  to  penology  and  the  eaner  and  more  rational 
dealing  with  criminals;  but  they  have  so  far  not  been  of  mueh  help 
to  the  psyrliiatrist.  The  elaborate  iiivasurenienta  and  ub.-<ervatioiiH 
which  hiive  been  made  diou*  a  liirger  number  of  anomulies  and  marks 
of  deviation  from  the  normal  in  the  insane  m  a  claims  than  in  the 
But  these  stigmata  are  never  eulticient  of  tiient!*e[ves  to 
one  in  Miying  that  nn  individual  is  defective,  or  degrnerat«, 
or  iniiane. 

In  some  very  marked  typea  of  insanity  they  are  practically 
absent.  This  is  espceially  true  uf  insimitictt  that  develoji  lute  mid 
have  slight  dementing  tendendea.  Insanitiea  with  decided  moral 
defect,  such  aa  those  known  as  original  paranoia,  or  moral  insanities, 
those  characterized  by  obscssionM  and  compuUiuu»,  aUo  show  often 
few  stigmata  of  degeneration.  Those  with  decided  intellectual  defects 
uid  dullness  have  a  large  percentage  of  physical  marks.  Such,  at 
ksast,  has  I*een  my  obMrvntion. 

Tie  scicnee  is  etill  young  and  it  should  roceivo  tlio  support  of 
ptychiat ri»t..i.  Thi-t  13  being  given  in  some  hogpitals  of  tliis  nmntry. 
An  anthropologic  lalmralory,  even  if  but  a  modest  one.  ahould  form 
part  of  the  equipment  of  the  psychopathic  hospital.  And  observa- 
liona  ahould  be  made  not  perfunctorily  and  in  accordance  with  some 
limited  conventional  plan,  but  with  great  attention  to  detail  and  with 
minds  open  and  ready  for  advance  and  change.  The  simplB  accumu- 
lation of  fifteen  or  twenty  measurements  and  notes  has  been  done 
until  it  has  nearly  fulfilled  its  UHefulneiui. 

The  foregoing  remark*  do  not  lend  themselves  to  recapitulation. 
I  have  endeavored  to  aliow  eonic  uf  the  relations  of  psychiatry  to  its 
aearest  allied  eeiencea  and  to  indicate  the  lines  along  which  work  can 
be  carried  nith  mutual  help  to  all,  but  to  the  special  advancement  of 
a  sounder  knowledge  of  that  capstone  of  all  the  medical  sciences,  the 

tholog;}'  of  the  mind. 
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Ix  the  Study  of  mental  diseaiCB  it  is  import-ant  to  find  their  true 
place  in  relation  to  other  patholoRical  conditions.  Our  conceptions 
of  the  nature  of  mental  symptoms  Bhould  he  framed  in  harmony 
with  the  trwe  principles  of  general  pfllhology.  These  are  eesential 
requisites  for  the  progress  of  pHy(!hia.try.  I  rfiall  trj-  to  present 
some  coQuiderations  to  this  end  in  discussing  my  eubjcct:  "The 
Problem  of  Psychiatry  tn  the  Functionul  Psychoses." 

It  is  essential  here,  as  in  all  such  inquiries,  to  have  k  clear  un- 
dcnstJuidinE  of  the  terms  of  the  problem;  words  and  plim^es,  and 
the  formulae  of  principles,  should  have  correct  and  definite  mean- 
ings. Our  ideas  may  be  embodied  at  first  in  words  which  seem  to 
express  exactly  all  that  wc  know;  but  aa  our  conceptions  tend  to 
outj-row  their  verbal  expression.i.  these  may  gain  the  larger  import 
and  Inse  the  narrowuesa  of  their  derivations;  or  being  used  in  an 
enrlier  and  more  or  less  restricted  sense  they  hamper  ihinkinjc;  in 
the  shackles  of  authoritative  phranee  that  obatruet  reasoning,  and 
single  words  may  perpeluate  error  and  lead  to  oonfusioii  of  Inter- 
prelation  and  discussion.  The  dicta  of  general  principles  accepted 
nK  fundamental  may  sometimes  harbor  hidden  fallacies  and  prove 
to  be  untrue  after  having  long  retarded  pnigress.  It  is  a  necessary 
part  of  this  discussion  to  examine  first  some  definitions  and  the 
formulae  of  certain  accepted  principles  and  the  doctrines  dravm 
from  them. 

The  terms  in  which  the  present  subject  is  expressed  contain  no 
ambiguity  as  to  its  meaning  to  Iny  down  the  proposition  that  the 
problem  of  psychiatry  is  to  Iw  found  in  the  functional  psj'choses, 
meaninf;  here  mental  diseases.  But  somothiDg  needs  to  be  said 
defining  the  true  provint-e  of  jisychiatrj-;  nnd  the  worda  "functional 
psychoses"  lead  at  once  into  the  maae  of  diQieulty  surrounding  the 
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relations  of  fiiDctional  and  organic  diseases.  la  the  deHnitioo  of 
disease,  as  "imy  ciorUd  deviwtiyu  frotn  normal  ht-alth,"  "the  im- 
portant distinction  is  drawn  between  organic  or  stmetural  diseases 
in  which  there  ia  a  lesion  or  pathological  condition  of  some  part 
of  the  body,  and  function al  diaewiies  Ja -which  there  is  an  irregular 
action  of  a  part  but  without  organic  abnormality."    But  keeping 

this  distinction  it  ia  a  remarkable  fact  that  the  word  "psychosis" 
fe  used  b  oppoong  senses  in  mental  physiology  and  mental  palb- 
otogy.  The  psychologists,  hnving  rt-gard  to  the  normid  processes, 
UfP  "psychosis"  an  "equivalent  to  the  mental  or  psychical  element 
b  a  peycho-physical  process,  just  as  neurosis  refers  to  thai  aspect 
of  the  process  which  belongs  to  the  norv-oue  syHtcm."  On  th«  other 
band,  in  psychiatry  the  word  "psychosis"  is  used  pathologirally 
"de»gnates  an  abnormal  mental  condition;"    it  is  described 

a  tyjHcul  form  of  insianity  {"discajM^foriii")  which  can  be  scicn-. 
tifically  differentiated  and  correlated  with  a  Hpecilic  "  disease'pro- 
ress,"  and  the  usage  implies  a  structural  change.  In  neurology 
"neurosis"  k  ti\»o  changed  from  ittt  normal  functionul  sense  in 
psychology  and  used  to  dewgnate  a  "morbid  or  dineased  condi- 
tion." "Functional  ncurows  is  a  morbid  affentlon  of  the  nervous 
8ytrt«na  known  only  by  itH  symptoms,  and  without  anntomical 
basis.  It  J8  doubtless  true  that  au  anatomical  lesion  of  eomo  kind 
does  in  each  rase  exist,  and  tho  cluaaiGcation  of  diseases  as  organic 
and  functional  ia  but  a  concession  to  our  ignorance."'  These  in- 
elances  afford  examples  of  looseness  of  usage  in  two  most  eloscly 
interdependent  lines  of  research  nhowing  the  disharmony  Ijclween 
them  that  tends  to  confusion  of  understanding.  It  is  allowable  to 
speak  of  the  neuroses,  and  the  meaning  ia  plain  as  referring  quite 
exclusively  to  functional  disorders;  but  to  constitute  a  true  psych- 
ods,  in  the  pathological  sense,  it  must  have  a  definitely  differen- 
tiated symptom-complex  that  can  be  designated  as  a  "disease-form ;" 
thb  ia  commonly  spoken  of  as  a  clinical  "entity,"  anil  it  implies 
acoiTclated  "disciwu-process."  We  may  speuk  of  acute  and  chronic 
piychoaes,  or  of  organic  psychoses,  to  distinguish  the  insanity  due 
lo  cerebral  dieeaee.  But  the  psychoses  proper  being  conceived  as 
ml  dtsenMventitics,  when  in  psychiatry  wc  wish  to  speak  of  Die 
group  of  minor  and  often  temporary  variations  of  the  mental  fune- 
lifins,  parallel  or  corresponding  to  the  neuroses  in  neurology,  ihe 
m>td  functional  must  be  a<lded  and  the  term  functional  [wychoKCS 
used  as  in  the  subject  of  this  discusgjon. 

Deldwin.  Ditt.  t>l  Fkilaa.  and  Pjycfcrf. 
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The  Poaition  of  Ptychiatry  a*  akown  by  Current  Teachinna 

The  point  of  view  of  this  inquiry  is  that  of  general  medicine  fgr 
one  who,  without  predilection  and  looking  for  light  on  all  sides, 
approaches  the  field  of  psychiatry  and  tries  to  understaad  its  pro- 
blems. In  seeking  the  true  pkctt  of  mental  diseases  in  relation  to 
other  pathological  cooditiona,  and  in  order  to  harmonize  his  con- 
ceptions nith  the  true  principles  of  geoerat  pathology,  it  is  found 
at  the  uutKct  that  the  functional  psychosca  are  to  be  regarded  as 
being  in  contrast  with  the  psychoses  proper  associated  with  as- 
sumed Rtructural  changes  and  "disease-procegses. "  or  n-ith  definite 
oi^anic  diseoees  of  the  brain.  Here  aa  In  general  medicine  this  dis* 
tinction  of  functional  and  organic  disease  appears  to  be  an  expres- 
sion of  the  dominance  of  morphological  eonceptions  in  medical 
knowledge.  Diseases  due  to  obvious  structural  changes  can  be 
Understood  nnd  subjected  to  treatment  as  in  surgery;  but  the  bodily 
diaeasen  called  functional  for  whii^h  there  is  no  pathological  ana- 
tomy constitute  a  very  large  group. 

Although  there  is  a  gri;uter  re»»«>u  for  this  being  true  also  of  func- 
tional mental  dieefiaea,  the  inquirer  finds  in  the  psychiatry  of  the 
time  small  interest  in  them.  It  is  a  very  old  idea  that  the  different 
forms  of  insanity  may  l>e  explained  by  the  i<tudy  of  the  brwin  and 
its  degenerations.  The  history  of  modem  psychiatry  shows  that 
it  has  given  great  emphasis  to  these  morphological  conceptions 
by  its  precipe  methods  and  achievements  in  histological  investi- 
gations of  the  brain.  In  recent  years  the  Gemuin  sehools  have 
been  the  centres  of  interest.  The  environment  of  their  origin  had 
preeminently  the  morphological  stamp.  Thus  the  effort  to  deter- 
mine definite  "discasc-formft"  and  "disease-processes"  has  been 
a  distinctive  characterliftic  of  modem  teachings  in  the  search  for 
anatomical  correlations  and  explanations.  Tlie  application  of  the 
scientific  method  in  clinical  study  has  been  most  fruitful  of  ad- 
mirable results.  The  "disease-process  "  aaaumption  ha^i  been  stimu- 
lating and  helpful  as  a  spur  to  morphological  invc^igat ion ,  which 
all  agree  should  be  carried  to  the  utmost.  But  with  the  inherit- 
ance of  such  conceptions  the  modem  movement  has  been  cbat^ 
acterined  also  by  the  continuance  of  the  quest  for  mature  fornis 
and  typeci  and  for  their  systematic  claasification.  The  patholog- 
ical principles  being  embodied  in  the  designations  "disease-form" 
and  "entity,"  and  "diBCuae-proccjiB,"  the  consistent  use  of  these 
has  implied  that  every  such  pathological  process  should  ha\'e  its 
cause,  course,  and  outcome.  A  psychosis  thus  constituted  is  held 
to  prenfint  the  altrihutes  of  scientific  truth,  although  some  actual 
morphological  characters  that  famish  complete  and  proper  proof 
may  yet  be  wanting. 
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While  these  icachiiiga  have  been  taking  form  in  the  loat  tureuty 
s,  the  influence  of  modoni  psychology  has  been  fctt  and  is  bcv 
^eominpsppu«ot, especially  in  the  last  half  decade.  Althouf^h  psych- 
ological  studies  of  mental  functioiu  are  viewed  with  much  of 
the  aanw  distrust  as  boforc,  the-  i-xpcrimoDtal  iiicthud,  in  its  clin- 
ical tiae  in  peyehiatry,  exoiten  interest  by  the  objective  character 
of  its  results;  they  have  the  value  of  observed  and  measurable 
facts  of  function  which  inAy  contaui  tbe  promiEC  uf  being  ultimately 
traceable  to  facts  of  structure. 

Tbe  FVGsent  results  of  this  movement  are  exceedingly  interest- 
ing and  promising,  although  it  is  true  that  there  in  much  (liveraity 
bi  tbs  products  of  tbeeo  methods  of  study.  With  the  increaang 
number  of  observors  the  more  variations  there  appear  to  be  in  the 
interpretation  of  phenomeoa.  This  is  shown  in  the  differentiation 
of  named  "didC&Be-forms,"  and  by  a  comparative  study  of  some 
new  clarifications.'  This,  however,  la  a  hopeful  stage  of  prugreiw. 
In  the  extreme  view  it  has  been  held  to  be  unreasonable  that  any 
eoQcluaons  can  be  drnnn  from  the  psychical  activity  of  a  diseased 
brain;  psychological  cxplanution  is  of  no  value,  it  is  said,  without 
an  objective  measure  in  definite  "diseaee-proceeses"  in  the  cortex. 
According  to  other  views,  in  which  the  conceptions  of  a  *'diBe«*e- 
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is  still  fundamental,  conditions  that  do  not  lead  to  de- 


terioraticH)  are  conceived  to  be  of  a  "special  type,"  and  a  "bio- 
lo^eal  entity"  is  conjectured  as  representing  "a  8j>ecial  kind  of 
disease-process  or  disease-principle."  Again  under  broader  con- 
ceptions it  is  held  that  more  than  one  point  of  view  is  needed  to 
do  justice  to  psychiatry,  and  a  special  psycho-pathology  is  founded 
Qpon  normal  psychology.  But  this  meets  with  criticism  as  gixing 
oaduc  prominence  to  psychological  distinctions  inconsistent  with 
a  true  medical  conception  of  disease. 

"Hie  influence  of  the  new  German  schools  has  been  strongly  felt 
b  other  countries.  But  the  inquirer,  extending  his  survey  in  these 
dire«ticHiH,  fiintis  that  the  contemporary  interest  in  the  phyaological 
,  upects  of  psychiatrical  problems  has  not  waned,  though  they  are 
Mmcwhat  overshadowed.  lo  Italy,  for  example,  Ferrari  has  studied 
tbe  pathology  of  the  emotions,  as  has  F6r^  in  France,  where  Itibot 
has  done  the  most  to  elucidate  the  relation  of  mental  experience  to 
tbe  personality,  and  Janet  has  made  his  remarkable  contributions 
to  future  ps>'chiittr}'  by  the  unnlysis  of  mental  instability  in  the 
borderland  of  insanity.  The  British  alienists  have  conservatively 
pven  attention  to  functional  as  well  as  to  anatomical  conceptions, 
notably  Mcrcier.  Hughlings  Jackson  has  magnified  his  diHtinc- 
tioD  as  a  neurologist  by  tiis  recognition  of  the  importance  of  tbe 

*  VejVT,  A.,  A  F*v  Trmd*  in  Modern  PtycMatty,  77m  P^cJtotofical  Bulletin, 
Td.  1,1904. 
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phy^otogical  factors  io  nurvous  oad  mental  disease;  lus  method 
of  reasoning  from  functional  characteristics  to  interpret  structure, 
instead  of  infoiriiig  function  through  proofs  in  Btructure,  is  uow 
attracting  renewed  interest. 

These  English  views  have  long  hold  a  like  formative  place  in 
America  whore  they  have  not  lost  but  have  sustained  their  force 
rluring  the  decade  since  the  introductiou  of  German  te&chings. 
Attention  was  first  attracted  especially  to  ICriicpolin  and  the  nicthoda 
at  the  Heidelberg  clinic  with  a  nonRequeiit  intenitification  of  inter- 
eat  in  morphological  conceptions  qualified  by  chnical  obsen-atJon. 
The  painstaking  studice  of  Meyer  and  Uoch  approached  the  Kub- 
ject  from  the  neurological  »de  luyal  to  the  scientific  method; 
through  tlieir  work  the  conceptions  of  Kraepelin  were  mbmitt^d 
to  the  tests  of  practical  coopi^rative  etudy  and  experience  with 
re^utlH  anticipating  his  o^ti  later  aimplificationa  of  "dieease-fonns." 
There  was  also,  not  only  the  establishmeat  of  collections  of  ad- 
miniblc  clinical  records,  valuable  for  further  study  and  analysis 
m  future,  at  the  McLean  Hospital  and-tho  Woreeslor  Ineano  Hos- 
pital where  this  special  work  began,  but  the  extension  of  this  clin- 
ical method  to  many  other  lio^pitaU.  Later  in  the  movement  came 
the  different  intcrprotationn  of  psychiatrical  problems  by  Wer- 
nicke and  Ziehen, — the  latter  with  an  ctpecially  hopeful  attitude 
toward  pttycholo^cal  explanations.  Tliere  lias  appeared  a  tendency 
to  change  in  the  views  of  these  Germsn  teachers,  of  whom  it  is 
said  they  "ha\'e  emancipated  psychiatry  from  the  jwruliar  poai- 
lioH  of  an  adjunct  to  neurology,"  —  a  position  for  which  the  claim 
has  long  boon  made  And  is  not  yet  yielded. 

In  the  outcome  of  the  decade  in  America  the  intensity  of  the 
new  teachings  ia  being  qualified  by  independent  studies  of  the 
prohlemB  involved,  and  the  continuity  of  the  current  of  earlier 
views  here  haa  been  maintained.  This  former  trend  has  persisted 
not  only  in  psychiatry  but  it  has  appeared  in  neurology  which  was 
formed  in,  and  has  held  tn^  pronounced  morphological  concep- 
tions. Dana,  Futoam,  and  Prince,  for  example,  have  taken  spe- 
cial interest  in  the  physiological  and  abnormal  aspects  of  mental 
phenomena.  Herter  has  made  the  most  noteworthy  of  contribu- 
tions to  the  future  understanding  of  mental  as  well  as  nervous 
diseases,  by  studiea  of  the  chemistry  of  pathologjcul  physiology 
and  the  disorders  of  nutrition  and  metabolism  in  seeking  the 
fundamental  principles  of  practical  therapy.  Traceable  here,  as  ia 
general  medicine,  is  the  influence  of  tlie  Immensely  important  work 
of  Chittenden;  while  this  has  little  or  no  place  in  German  teach- 
ings of  neurology  and  psychiatry,  the  chemical  side  of  the  com- 
position and  activity  of  nervous  tissues  is  receiving  attention  in 
England,  in  recent  years,  though  the  special  studies  of  Mott  and 
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Halliburton,  which,  however,  relate  distiQctty  to  chiuig&8  in  struc- 
tural disease.  In  America,  the  trend  toward  functioDul  coucep- 
tioDs  of  nwotal  pathology  became  embodied,  with  a  special  motive 
inapiration  from  general  medicine,  in  the  work  of  the  McLean 
Hospital  more  than  two  decades  ago.  Early  in  this  period,  under 
tlie  added  influence  of  the  new  teachings  of  pbysiologicul  chemis- 
try, the  purpose  waa  developed  which  has  led,  in  the  last  half  dec- 
ade, to  Folio's  chemical  investigations  of  disordered  metabolism 
in  imiiicdiivt«  connection  with  the  clinical  study  yf  the  physical 
cotiditioDS  and  treatment  of  the  insane;  the  parallel  development. 
on  both  physical  and  mental  lines,  of  the  ori^al  purpose  there  is 
aUo  finding  its  prinwj  cxprcsHioa  in  the  recent  CHtablisliment  of 
another  clinical  laboratory  in  which  Franz  ia  applying  the  phyno- 
logical  and  experimental  methods  of  the  traiued  physinlogist  and 
p^cbologiat.  This  ptirticulur  devclopnieut  of  the  tendency  t^i 
Btudies  erf  tho  physiological  aspects  of  psychiatry-  has  been  char- 
actcrizicd  throughout  by  its  essential  purpose  of  seeking  guides 
for  treatment  of  the  physical  conditions  associated  with  functional 
mental  disorders. 

It  appears  that  the  tuminK-anay  from  the  barrenness  of  hi^ 
(olo^cnl  provings  is  becoming  geuerai;  the  improvementa  of  the 
dinicAl  method  and  psychological  experiment  arc  inevitably  draw- 
ing attention  to  the  closer  observation  of  the  individual  patient,  and 
to  the  better  study  of  the  minor  causes  of  bis  mental  variations; 
this  means  a  trend  toward  physiology.  It  is  a  safe  prediction  that 
pathological  physiology  h  to  be  called  to  render  sueh  aid  to  psych- 
iatrj'  M  it  i»  giving  in  general  medicine;  and  that  the  extraor- 
dinary advances  in  pathological  cliemi»try  will  become  available 
in  ntental  diseases. 

Such  are  some  of  tho  considerations  suggested  by  a  survey  of 
the  pre«ent  aspects  of  the  field  of  psychiati>-.  The  changing  atti- 
tude of  psychiatry  toward  psychology  is  of  great  significance.  The-w 
circumstances  guide  the  inquiry  into  the  conditions  and  causes  of 
the  present  position  of  psychiatry. 


The  Relation  of  Psychiatry  to  Oenfral  Medicifu 

Psj-chiatry  bplonge  to  gpneral  medieine.'  This  view  has  been 
presented  in  the  annual  reports  of  the  McLean  Hospital  since 
18S2;»  my  first  atatement  of  it,  in  the  report  of  that  year,  was  to 


'   CowIm,  E.,   Advaruvd  Pra/eiiKianal  Work  in  ITo»pitai»   for   At   Iruaitt,  Awt. 
^our.  of  liuaniht,  vol.  I^.  tSOS;    The   Meehaniinn  o}    In-aanittf,  ibid.,   vob,  XL,VI, 

3Cl.Tn,  XLTm,  ISS9-1H ;  oUo  The  Shaltvck  L<xiwv.  Neurwahmia  and  ilt  Mt7\kit 
SymtKoifu,  1801 .  Boia.  Mfi.  and  Surj.  Jour. ;    SienitU  Symylomt  of  Fattgwe, 
7>onw(M»u,  N.  V.  SitiUt  Med.  Aeaoc.  1S93. 
>  Of.  Annval  Hepart,  1SS2.  1889.  K  tt^. 
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the  effect  that  the  phynologioal  batus  of  the  treatment  of  the  in- 
eane  lies  in  the  fact  that  the  normal  functions  of  the  cerebral  organ 
may  be  only  tomporurily  diuturbed  or  only  partially  impiiirod, 
whether  by  transient  disorder  or  pathological  change;  and  tbe 
ronaequent  fact  that,  in  most  cases,  some  degree  of  normal  func- 
tion reinaing.  This  principle  w»8  stated  to  be  in  accordance  ^th 
the  most  important  gain  of  modem  pathology,  the  modem  cod- 
ccption  that  "Disease  is,  for  tho  most  part,  normal  function  acting 
utider  abnnrmal  conditions.'" 

Mental  digoaws,  in  their  study  and  treatment,  inehide  more  than 
is  contuincd  williiii  one  branrh  or  department  of  general  medicine 
hy  having  to  deal  with  the  mental  effects  of  pathological  condi- 
tions of  the  whole  body;  psychiatry  is  not  litmted  eapcciatly  to 
(he  ncrvoiw  system  with  ita  central  organ,  which  has  funciions  of 
a  n-holly  different  and  higher  nature  than  those  of  any  other  organ. 
ITiere  are  functions  of  the  brain  other  than  the  common  ones  at 
receiving  impressions  and  reacting  luiiformly  upon  them  like  a 
rcRcx  mechanism;  by  its  inenlnl  function  it  recoivos  impressions, 
tetains  and  reralls  ito  connrtouR  experiences,  selects  from  uid  re- 
arranges  them,  and  in  new  and  orderly  forms  initiates  and  con- 
trols the  processes!  of  motor  expression.  The  psychiatrist  newly 
attempting  the  precise  study  of  mental  symptoms  is  confronted 
at  the  outset  with  the  oldest  of  problems,  the  relation  of  mind 
and  body.  If  he  turns  to  phyKologj-  and  neurolftgy  for  liglit  upon 
the  physiological  terms,  mental  and  phyaeai,  of  his  problems  he 
ntt^ctt;  everywhere  such  etatemcnts  as  that  of  Wundt:  "In  matters 
psychological  the  naturalist  can  only  affirm  tbat  psychological 
phenomena  run  parallel  with  physiological  facts,  but  that  on  ac- 
count of  ihoir  different  natures  he  haa  no  proMpcet  of  ever  bridg- 
ing the  gulf  between  the  two."  Gdinger  '  writes,  "We  have  no 
ides  how  it  happens  that  a  part  of  the  work  done  by  the  non-oos 
system  leads  to  connciouHness."  Lloyd  Morgan*  offers  the  follow- 
ing practical  concluaon:  "One  of  the  difljcultiee  is  that  of  conceiv- 
ing how  mind  can  act  on  matter,  or  matter  on  mind.  «  .  «  £aft 
us  at  once  confess  our  ignorance  of  the  nature  of  tbe  intimate  relA- 
tion  of  the  one  to  the  other.  But  certainly  in  many  cases  the 
observed  facts  fihow  that,  our  ignomnre  notwithstanding,  they  art 
somehow  related.  .  .  .  And  since  we  cannot  know  the  nature  of 
the  relationship,  let  us  be  content  to  tteik  for  sonrte  of  its  condi- 

tiona." 

Tba  pBychiatriat  is  a  physician  who  should  take  his  point  of 
view  in  a  field  even  broader  than  that  of  general  medicine  in  its 

'  Dr.  0*trdner„  Pmndmiial  Aidreta,  Brit.  Med.  Ptyeh.  Anoc.,  Jour.  JlitnL 
8ekne»,  1863. 
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'  Edinger,  I*.,  firnin  .irmftrmvonJ Ferichitln^.  Tht  Monut,  vol,  xi.  1901. 
'  Rehtton  a}  Mind  to  liodff.  liUenKiliimat  Quarterltf.  vol.  Ti.  1902, 
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largest  sense,  lUid  not  within  the  narrow  llmitii  of  any  speciali-sm 
which,  may  eeem  to  include  the  sphere  of  mental  activities.  He 
has  to  (kal  vrith  the  physical  efTeclH  upon  the  individual  of  all  the 
influences  that  act  upon  him  in  his  environment,  and  that  enter 
into  him  from  without,  or  are  ettgendcrod  within,  vbich  make  for 
the  maintenance  or  impairment  of  his  vital  proccfwcs.  Such  phys- 
ical influenceB  contributing  to  conscious  experience  have  their 
mental  effects;  the  psychiatrist  must  not  only  iteck  to  iinderst»nd 
the  pfayucal  changes  and  elTeels  but  be  must  deal  with  the  patient's 
cooBciousness  of  them;  and  the  more  subtle  Influences  that  affect 
the  subconRcious  mental  life.  The  physician  must  «tudy  not  alone 
Ihe  iulluente  upon  the  mind  of  the  body  in  health  and  disease, 
but  also  ihc  external  phyaicttl,  social,  and  moral  conditions  of  the 
en^ronment  unfavorable  to  mental  health  and  growth.  It  is  in 
association  nith  this  broader  view  of  geueral  medicine  that,  with 
lespect  to  mental  disorder,  he  must  ewk  explanation  un  tlic  phys- 
ical ade  of  the  orEanism,  and  turn  to  expert  research  for  such  aid 
as  can  be  given  him  by  the  contributing  sciences. 

The  field  of  tlie  medical  sciences  is  aa  wide  a«  that  of  biology, 
which  comprehends  all  the  interdependent  phenomena  of  mental 
and  physical  life;    the  abnormal  must  be  referred  to  the  normal. 
The  first  recourse  of  the  psychiatrist  is  to  physiologj',  whose  do- 
main is  the  study  of  the  forces  or  functions  of  living  matter.    There 
are  no  symptoms  until  there  are  deviations  from  normal  funo 
tion;    without  functional  activity  disease  is  impossible.'     Co  the 
lode  of  normal  lifp,  living  substance  necessiirily  presents  the  con- 
ditions of  structure,  form,  and  function;   these  conditions  are  pri- 
mary and  disease  is  not  necessary  to  the  existence  of  living  sub- 
atance.     Here  the  general  physician  finds  himself  involved  in  the 
eontention  between  the  sciences  of  phj'aiology  and  pathology;  the 
psj'chintrist   needs  Bret  u  nortual  standard  in  his  knov\'lcdge  of 
general  phyaialogj',  and  all  that  he  can  learn  of  mental  physiology 
and  its  relations  to  its  mechanism,  structure,  and  form.     Psycho- 
logy lays  open  to  intimate  study  the  facta  of  the  mental  life;  on 
the  BDatomical  side  we  can  know  little,  and  that  little  cxplaina 
nothing  of  the  relations  between  mind  and  body.    It  is  at  this  point 
that  the  physician  must  eboocre  hia  point  of  view  and  form  his  con- 
ceptions of  fundamental  principles.     If  these  are  true,  they  should 
fit  all  diseovered  facts,  whether  of  function  or  structure,  and  will 
lead  to  advancement  of  his  knowledge;    if  not  true,  they  lead  to 
conflict  and  confuidon,  and  obstruct  x>rogrem.     It  is  necc-^sary  to 

'  Cf.  Orth,  J.,  ttrUition  of  Patholngy  In  Other  Srirntra,  Am.  Jtttttirint,  vol.  tx, 
lOOS.  "Whtn  i\wn  w  no  funHbnat  nctlvitv  nnd  thou  no  do^rintioD  from  naf 
inal  fuaclioD  there  csa  \k  no  diiMuusc."  I'liblinhcd  wliilu  tlkia  pnpor  htw  in  inaiiu- 
Bcript. 
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exaniine  the  mutual  relations  of  the  biological  scifnces  to  know 
thetr  relative  v&lue  to  psycKiatiy, 


The  Position  of  Pathology  and  Ux  Infiuenct  upon  Modem  Ptych-iatry 

The  ecience  of  pathology,  with  the  justification  of  its  brilliaot 
achievements,  holds  itself  to  be  fundiimental  to  the  medical  sciences. 
ItB  fluoidatioij  of  the  pbeuomeiia  of  disease  and  ita  results  puts  it 
into  inKCpiiriibtc  rt-lation  with  lifp.  It  claime  that  its  conceptions 
comprehend  a)B  of  biology,  for  on  all  sides  it  beum  e.<u<ential  relations 
to  the  subsidiary  bioIog;ic:il  sciences.  I>eviations  from  normal  struc- 
ture and  composition  of  the  body,  and  from  the  noniiui  functioas  of 
its  parts,  are  held  to  belong  to  puthulofO';  in  this  view  the  study 
of  etructural  vanations  in  the  evolutional  and  the  developmeatftl 
|)rucce»vi4  from  the  tiormul  tn  priinurdinl  tind  cmbryoDul  foriii«  tiiuy 
expUiin  inherited  and  coiijjenital  diseajte.  and,  tut  a  part  of  pathology, 
throw  light  upon  morphology.  Physics  and  chemistry,  as  they  under- 
lie bulli  function  und  ^ti-itcturtt,  rontributu  to  tlio  explajiation  of 
pathological  vhan^,  and  the  disorders  of  function  caused  by  disease; 
and  pathological  physiology  and  chemistry,  whose  importance  is 
now  remving  growing  recognition,  are  to  be  regarded  as  subsidiary 
to  pathology  and  dependcut  upon  it.  In  the  sphere  of  general  pathi*- 
logy,  dealing  nith  function,  it  findp  its  duty  to  bo  "to  correlate 
symptoms  with  »tructural  chajiges  and  trace  the  connection  between 

them." 

The  sdence  of  puthnloj^,  presenting  by  ita  satimt  ospecitf  such 
claims  to  the  physician  who  seeks  for  light  upon  the  problems  of 
p&ycliiatr>-.  reveol^  a  cbanging  history.  The  leadorehip  of  the  patho- 
Jopcal-analoniicul  school  in  France  passing  over  to  Germany  cul- 
minated in  the  "cellular  pathologj-"  of  Viichow,  this  being  founded 
upon  the  principle  that  the  cell  Ir  the  unit  of  stnicturc  and  function 
and  that  all  vital  processes  ore  to  he  referred  to  the  activity  of  the 
cella  of  which  the  body  is  composed;  they  are  the  "factors  of  exist- 
moe."  This  includat  the  phenomena  of  disease  and  all  alterations 
of  the  organs  and  tissues,  the  principle  being  that  whatever  act6 
upon  the  cell  from  without  produces  a  change,  either  chemical  nr 
physical,  in  the  cell  structure,  and  disease  is  constituted  of  such 
ehftiiges.  These  principles  became  the  foundation  of  the  "exact 
medicine**  of  the  present  day.  Gricsinger  first  established  modem 
psyohiatiy  upon  the  exact  basis  of  scientific  research  and  pathc- 
k^cal  principles,  and  through  Meynert  pathological-anatoaiical 
teachings  were  grrnlly  advanced;  following  iheni  it  was  in  such 
an  environment  that  the  latest  schools  of  psychiatry  had  thdr  he- 
pnnings  with  an  immediate  inherilance  of  its  morphological  con- 
eeptions  as  llie  fundamental  criteria  of  (scientific  truth.    Such  ven 
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th«  c<H]dilion8  of  the  inceplion  of  the  current  tfiuctiinfpit,  bused  upon 
a  rigid  DK>rpholDg>-.  The  Gerraan  Bchoots  of  peychialry  became  (lie 
centres  of  interest  and  influence,  and  their  characteristics  have 
already  been  noted.  In  the  history  of  the  time  from  Virchow,  Grie- 
ainger,  aud  Meynert  to  the  present  thero  have  been  mynientoua 
advances  in  the  other  bi«togical  sciences  as  well  as  in  pathnlogyund 
psychiatry'.  The  two  latter  lines  of  research  are  being  .strongly 
infiljenccd  by  the  concurrent  chongos.  Thoro  arc  some  very  recent 
and  siguificiuit  signs  of  changing  viewH  in  psychiatry  wliich  posMibly 
betoken  the  freeing  of  ititelf  tiom  the  too  rigid  dominance  of  struc- 
tural palhologj-. 

The  Rdalum  o/  P<akology  lo  Other  Biological  Sciences,  Etpcciatly  to 

PfiifaCology 

I*hyiaology,  when  it  declared  itself  an  independent  scicnc*  by 
breaking  away  from  medicine  and  establishing  its  place  in  the  great 
lealm  of  biolog)-.  entered  upon  a  bruader  field  of  study  of  the  func- 
lionnl  side  of  life  with  its  complex  phenomena  in  the  functions  of  all 
living  matter.  To  morphology,  as  an  equally  iii<JeT>endent  science, 
belonga  the  study  of  the  structure  and  form  of  living  matter;  it 
covers  the  wlioli^  field  of  anatomy  in  the  special  forms  of  zoGlogy  arid 
botany.  But  physiolo^  and  morphology,  which  are  closely  woven 
logetber.are  both  built  upon  the  foundation  of  the  inorganic  elements 
«f  inanimate  matter  with  its  controlling  laws  of  pIiyKlox  and  cbemi»tr}- 
that  go\-em  the  forces  of  inanimate  phenomena.  All  these  forces  of 
animate  and  inanimate  nature  are  bound  together;  from  a  tnological 
point  of  view  we  do  not  know  living  matter  without  both  form  and 
function. 

On  the  part  of  the  physiciau  the  inquiry  at  this  point  is  a.s  to  the 
true  relatione  of  pathology  to  the  other  biological  aciences  in  niedi- 
eine.  The  scienti&c  foundation  of  pathology,  the  development  of  it« 
work  in  the  other  sciences  which  it  necessarily  involves,  support  its 
claim  to  an  equal  place  in  biology  with  the  other  natural  sciences. 

Prof.  Orth.in  an  address  at  Kassel  in  1903,  dv»cnbcd  pathology  as 
vonsisling  of  two  branrhes,  anatomy  and  physiology.  Although  the 
great  Virchow  remained  ft  pure  pathological  anatomist,  ho  contem- 
plated the  Iteginning  of  pathological  physiology-  as  the  culmination 
of  his  endeavors;  "one  of  his  favorite  themes  was  the  establishment 
of  pathological  physiology,  a  subject  which,  to  his  mind,  was  the 
foundation  of  iwientific  medicine,  and  therefore  of  medicine  as  a 
irhole."  Practitial  medicine,  according  to  Virchow,  is  coextensive 
■with  pathological  physiology;  this  is  founded  on  pathological  ana- 
■tomy,  cliriioiil  obwrvationi<,  experimental  researches;  its  problem  is 
the  deternoinotion  and  investigation  of  bodily  processes  under  abnor- 
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taal  conditions,  ol  illness  and  its  symptoms.  Virchow's  experimental 
inveetig&tions  to  clear  up  morphological  characteristics  of  disease 
go  only  to  the  begianiug,  and  Prof,  Orth  urged  that  better  attention 
should  be  given  to  physiologieiU  methods  for  the  determination  and 
interpretation  of  functional  disorders  in  the  unlieallby  organ;  yet 
pathological  moqjhology  must  rt-mJiin  tbo  unchangeable  ground- 
work of  all  medical  knowledge  and  thought;  its  moat  important  func- 
tion is  its  jjurpose  for  the  upbuilding  of  pathological  physiology,  for 
the  understanding  of  the  living  processes  and  their  disturbances  in 
the  sick  body. 

Bacteriology  in  its  marvelous  progress  leads  investigation  directly 
into  the  fii;ld  of  puthologicnl  physiology,  and  find«  explanations  in  the 
normal  phyacal  and  chemical  reactions  that  belong  to  the  normal 
cell  physiology.  Pathology,  taking  bacteriology  into  its  special  pro- 
vince, ia  engaged  >u  the  study  of  problems  relating  to  the  nature  of 
disease.  General  physiology  has  «hoii-n  that  the  phj-sico-chomical 
reactions  in  living  ttubstjincen  are  fundnmontat  and  essential  factors 
in  the  production  of  vital  phenomena;  it  tindfi,  in  ita  investigation 
of  the  component  elements  of  ecll-sub^ance,  that  in  physiological 
chernirtry  h  its  chief  aid  in  the  explanation  of  vital  activity  and  ita 
disorders,  ilerter  *  reviews  our  present  knowledge  of  the  chemical 
defenses  of  the  organism  against  disease;  it  serves  to  eniphajiixe  the 
varied  chemical  activities  of  the  cells,  and  to  render  mon-  intelligible 
the  phenomena  of  diaoasee  that  result  from  moditicatioue  or  failure 
of  these  cellular  functions.  He  says:  "  Modem  pathology  has  made 
us  familiar  with  the  conception  that  disease  is  generally  the  expres- 
sion of  a  rcuctioQ  oa  the  port  of  the  cell  to  injurious  iutlucQccs.  The 
only  rational  conception  of  the  ability  of  the  human  body  to  defend 
itself  ag&icst  disease  by  means  of  cliemic&l  agencies  is  that  these 
defenses  ultimately  re^de  in  the  cells  themselves.  Many  of  the  phe- 
nomena oE  disease  aie  caused  by  the  modiBcation  of  function  thai 
occurs  durinjt  the  notion  of  the  eel!  in  resisting  injurious  influenees," 
Ernst  *  has  shown  that,  not  withstanding  the  great  obscurity  of  the 
subject  and  the  somewhat  conflicting  theories,  the  point  is  main- 
tained that  in  all  reactions  the  cell  activity  intervenes  at  some  stage 
of  the  produflion  of  immunity;  and  that  most  probably  the  re- 
a4>tions  that  occur  are  closely  related  to  these  that  go  on  under  the 
ordinary  Donditinns  of  tissue  metaholiRm.  These  conHiderationH  are 
consistent  with  the  fundamental  doctrine  of  cell  phyaiologj'  and 
pathology. 

It  appears  from  a  brief  survey  of  the  history  of  pathology  that 
when  at  first  it  was  part  of  anatomy,  it  was  then  preeminently  mor- 
phological, and  that  this  characteristic  motive  still  prevails  to  a 


'  Herter.  C.  A.,  Chemital  Pathalomi.  1902. 

>  Enut.  H.  C,  Modem  ThtttrUt  of  Bacterial  Imrnvnity,  \W& 
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Ui::g«  degrt*.  Aft*r  it  became  indflpendent,  pathology  concerned 
itself  ei4p«cially  with  de\ia.tions  from  the  Dormii)  nnntoinicol  staad- 
ard.  It  developed  new  relalioDs  vtith  the  other  biotogicai  sciences  as 
they  iitl«iiied  cxisU.^ooc,  and  like  morphologiciti  problems  nrose  in 
ctmnection  with  liiem.  There  vrns  mutual  receivini;  and  giving;  of  aid, 
but  anatomy  wae  the  parent  science  and  the  study  of  the  concrete 
facta  of  8tnJclun>  being eiuntfr  than  ever-changing  fuiictioii,  morpho- 
logicol  conceplions  have  al«'aye  kept  in  advance  and  pathology  has 
held  them  to  be  eesential  in  giving  finality  to  its  explanations  and 
proofs.  But  wit li  the  slowing  of  progrese,  uk  normal  and  pathological 
hiBtology  h&s  approached  the  frontiere  of  present  attainable  kno«r- 
ledgo,  much  of  BpecuUitivo  theory  has  arieen  in  the  endeavor  to  prove 
apparent  and  (conjectural  realities  of  structure  by  reference  to  the 
facte  of  physiological  activity.  The  history  of  pathologj*  reveals 
evidence  in  support  of  the  conclusion  that,  from  thn  beginning,  the 
science  of  pathology  haa  needed  first  the  data  of  normal  form  and 
function  in  order  to  study  their  deviations;  also  pathology  has  been 
steadily  lending  to  the  finding  of  its  Litimafe  dependence  upon 
physiology.  Aside  from  the  results  called  di^eaAe  from  actual  trim- 
natism  of  cell  bodies  caused  by  extrinsic  agencies  there  must  be  many 
tranaent  conditions  of  intracellular  rfarrangi;nienta  or  molecular 
disorder,  beginning  with  functional  and  defensive  reactions,  long 
before  there  can  lie  any  ascertainable  structural  findings.  Such  mole- 
cular changes,  beyond  the  ken  of  the  microBcopiet,  might  be  assumed 
to  1)0  Bimctural  in  fact;  but  the  ultimate  problem  of  the  scarcli  for 
explaining  principles  thus  tends  to  become  a  phyeico-chemi'tial  one. 
The  facte  of  cell  functions  should  hold  an  important  place  in  the 
study  of  the  varying  agencies  and  influoacea  of  cell  stimidation  in  the 
production  of  symptoine.  The  relation  to  physlologj*  of  the  morpho- 
logical side  of  pathology  is  especially  instructive. 


The  Reiation  of  Morphclcgy,  Normal  and  PatfwhgiccU,  to  Physiology 

Morphologj-  presents  considerations  of  the  highent  importance 
which  require  special  notice  in  this  examination  of  the  mutual  re- 
lations of  the  biological  sricnces.  It  is  granted  that  pathology,  on  the 
morphological  side,  in  inronceivahle  without  normal  anatomy  as  ita 
bads.  Pathological  anatotny.  being  dependent  on  normal  anatomy, 
bHoags  to  the  acjence  of  morphology.  This  science,  with  its  great 
Bubdividon  of  embryology,  haa  attained  splendid  achievements;  in 
the  course  of  its  advancement  in  many  specialized  lines  of  invoRtiRft- 
lion  in  plant  and  animal  life,  it  haa  enjoyed  the  advantage  of  being 
able  to  study  the  problems  of  evolution  and  development  in  many 
quickly  BUcrcodinB  Renerations  of  vital  forms.  The  scope  of  its  obaer- 
valionfl  has  extended  farther  than  from  the  point  of  view  of  medicine, 
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aad  it)  reaching  ront^luaions  Chut  may  yet  illuiniiiat^j  some  of  the  dark 
places  of  psycbiairy.  Tlie  hintory  of  morphology  has  &  special  aigni- 
iicanc«  in  its  development  cotcmporary  with  other  biological  ftciciKree; 
the  chitngca  iji  itA  rounte  KUggest  a  taw  of  pru^css  In  iK.-icntific  res 
search  that  has  operated  in  other  fields.  .\ft«r  the  emergence  of  mor- 
phology, aiid  of  phyciologj',  from  the  keepiog  of  nuatomy,  the  two 
ncu*  scicncrea  enlercd  upon  equal  douiuins  in  the  realni  of  biology. 
Morphology  a«&ert^d  the  independence  of  the  science  of  form  and 
structure  from  I  hat  of  function;  the  doctrine  was  that  form  persists 
aud  function  varies.  It  was  characterked  by  l}ie  conception  of  a 
fixity  of  types,  a  rigid  adherence  to  the  study  of  matiuij  fonna  which 
it  labored  to  arrange  in  a  perfected  and  systematic  claaaification. 
With  the  breaidng-away  from  those ripd  conceptions, during  the  last 
fifty  ycani,  the  course  of  progress  was  in  tlic  study  of  the  problemss  of 
evolution;  leading  through  the  investigaticins  concerning  the  origin 
of  species,  it  has  come  to  the  recognition  of  the  supreme  importance 
of  the  problems  involved  in  the  dc^-L'lopu1cnt  of  the  individutd.  and  of 
the  hiologica]  laws  that  govern  it;  and  the  wide  range  of  variations 
that  may  be  produced  in  members  of  a  given  species.  So  in  medi- 
cine, instead  of  clinical  types,  the  diHerentia lions  of  disease  are 
becoming  gtnetic  and  developmental  in  character. 

In  the  morphology  of  plant  and  animal  life  it  is  agreed  on  both 
Hdes  that  they  are  subject  to  the  same  laws;  in  both  plants  and 
animals  thcro  are  identical  processes  which  are  consistent  with  the 
dignificance  of  the  cell  doctrine  as  being  fundamental  to  morphology. 
In  the  cloee  relation  of  form  and  funi;tion  the  modem  conception  is 
that  the  structural  characters  of  which  an  individual  oi^anism  is 
made  up  correspond  to  ita  functional  characters;  form  characteri»- 
tics  cannot  be  understood  without  considering  the  function  charac- 
teristic)!. ]*hy«iologicui  churactoristies  are  tnuminissihle  in  tbe  .'wme 
way  as  the  morphological.  Tbe  study  of  phyNologioal  cytology  aad 
embryology  is  revealing  the  mechanism  of  the  transmission  of  quali- 
ties; with  the  aid  of  the  cxperinK-ntal  methods  in  the  production  of 
variations  in  both  form  and  function,  there  la  great  progress  in  the 
understanding  of  the  laws  of  descent  and  inheritance.  Tlic  close 
relation  of  physiological  and  morphological  oharact eristics  proves 
that  the  problems  of  form  and  structure  are  also  physiological  prob- 
lenii!.  Physiological  processes  are  influenced  and  often  controlled  by 
the  conditionB  of  the  environment  both  internal  and  external ;  and  it 
is  shonn  that  mental  as  well  as  physiological  chnrncteristies  are 
inherited  under  the  same  laws.  These  brief  references  to  the  data  of 
morphology  serve  here  to  indicate  the  trend  of  progress  in  this  science; 
it  points  to  the  conclusion  that  influences  which  stimulate  functional 
activity  play  an  essential  part  in  determining  the  processes  of 
development  and  the  resulting  structural  forms.  Tbe  demonstrations 
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of  the  dominance  of  the  sensory  over  the  motor  side  of  the  nervoiu 
mecbunUm  !«  consiatcnt  with  the  foci  that  all  niovcmcnl*  arc  prima- 
rily a  response  to  sensory  impreaaions  and  are  performed  luider  their 
guidance.  It  follows  from  the  teachings  of  Hugtilings  Jscltson  that 
cell-group«  are  tlius  formed  by  a  process  of  education.  All  motor 
phenomena  being  respon&i\'e  reactions  to  stimuli  applied  to  the 
neuro-muwiiJar  mechanisms,  the  laws  of  use  and  habit  influence 
functional  activily  and  growth.  The  unity  of  all  these  sciences  is  also 
showu.  Pbyeiologj-  aud  morphology  hiiv«  to  do  with  interdependent 
manifpstatioriB  of  orgiuiic  existence;  there  can  be  no  disease  until 
there  is  first  uormal  life  nitli  whose  physical  sequels  pathology  bas  to 
deal,  Inasmuch  as  the  whole  science  of  pathology  must  refer  nil  its 
material  to  nornial  standard;;,  both  on  the  functional  and  the  mor- 
phological sde,a  like  freedom  belongs  to  the  minor  province  of  mental 
pathology' ;  psychiatry  is  at  least  juatified  m  seeking  directly  its 
immediate  exptanalion-t  in  the  hopeful  though  neglected  field  of 
functioa. 

The  PatJiologicat  Conceptions  of  Psychiatry  ttaied  in  Termg  implying 

Morphological  Ideas 

In  such  a  survey  as  this,  of  so  complex  a  subject,  certain  difficult- 
ies have  appeared  coiifeming  epecial  aspects  of  uuntni  effort,  in  the 
Geld  of  the  peychiat rial's  labors.  Allusion  has  been  made  to  the 
remnrkable  fact  of  the  difiharmony  between  mental  physiology  and 
mental  pathology.  Ttiere  are  signs  of  the  coming  of  better  coopera- 
tion, but  so  far  the  gt'nernl  fact  Js  that  Hie  psj'chiatrist  borrows  from 
psyehology  what  aeems  fitting  with  hia  pathological  conceptions,  and 
applies  some  of  its  psycho-physical  methods;  at  the  same  time  he 
heaitates  to  use  tlic  data  and  even  the  terminology  offered  by  expert 
investigators  in  mental  physiologj-.  The  importance  of  care  in  the 
uae  of  descriptii-e  words  has  been  mentioned;  an  inquiry  like  this 
draws  special  attention  to  this  subject  and  some  extraordinary  facta 
are  revealed  that  should  receive  further  notice. 

First  among  these  may  be  mentioned  the  use  of  the  word  physio- 
logical; its  frequent  infelicitous  employment  by  both  pathologlsto 
and  psj'ehologists  themselves  emphasizes  the  width  and  depth  of  the 
traditional  gulf  between  mind  and  body.  The  distinction  is  com- 
monly niade  between  psychical  phenomena  and  physiological  pbe- 
Domena  andthedesignflti(m8"mental  side  "and  "physiological  mde" 
are  used  to  make  the  same  contract.  Mental  phenomena  are  ihem- 
selvcs  physiological,  but  the  usage  implies  a  distinct  psychical  ele- 
ment aa  an  extra-physiological  epiphenomcnon,  when  such  a  mean- 
ing is  not  intended,  and  is  therefore  misleading.  The  mind  event  and 
the  brain  event  are  both  physiological. 
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More  remarkable  examples  of  doubtful  usage,  universal  in  cnedirAl 
lilerature,  and  with  far-reaching  effects,  are  shown  in  the  worcb 
"diaeaae-form,"  "di«MC-cntity,"  "dist'^e-proccss,"  and  "patho- 
logical procees,"  which  have  already  been  mentioned.  These  words 
still  suggest  old  meanings  now  wholly  obsolete ;  this  is  so  obvious 
that  when  thoughtful  writers  use  such  words  "for  convenience,"  the 
explanation  is  not  mfrequently  made  thai  it  is  not  intended  to  imply 
that  disease  is  a  malign  entity  which  invades  the  living  body  and 
workji  its  evil  course.  Vet,  aa  usage  sanctions  it,  writcra  continue  to 
employ  the  framework  of  words  which  would  once  have  expressed  the 
ancient  parasitic  personiBcatloti  of  disease.  While,  in  the  eciccce  of 
pathology,  this  extreme  conception  is  corrected  by  explanation,  such 
wordain  their  modem  usage  still  embody  and  positively  convey  the 
sense  of  an  underlying  morphological  counterpart  of  the  symptom- 
complex  that  runs  its  course  of  progressive  degenerarion  as  a  disease 
and  reveals  the  terminal  chiinges  in  post-mort«m  findings.  To  speak 
of  all  disease  in  terniH  used  in  these  senses  i.4  to  empha.'^ize  fctructural 
conceptions  of  pathologj-,  and  thus  to  impede  the  progress  of  the 
reform  which  is  clearly  seeking  to  give  adequate  attention  to  func- 
tional conceptions  in  place  of  the  dominating  demand  for  mature 
types  and  forms  and  classifications. 

It  would  be  interesting  (o  follow  out  the  hislorj'  of  the  usage  of 
the.'W  verbal  embodiments  of  whole  theories.  Perhapo  a  reference  to 
main  points  will  be  enough  to  indicate  the  purport  of  these  observa- 
tions. First,  as  to  the  nature  of  disease,  it  cannot  be  correctly  con- 
ceived as  a  state  of  disordered  activity  or  disorder  of  a  process  in  an 
activ€  sense;  there  is  a  condition  produced  by  a  defenave  contest 
between  the  forces  of  the  li^'ingce]l  and  the  harmful  agtmcics;  it  is  not 
a  state  of  perturbed  activity  but  the  result  of  it  in  diseased  organs 
or  tissues.  The  causes  of  disease  are  (extraneous  and  unnece-ssary  to 
cell-life,  which  can  exist  without  diseaite.  The  only  true  jirocts*  in 
living  organisms  is  the  physiological,  or  lifc-procees;  the  forces  that 
cause  the  reactions  called  vital  phenomena  are  inherent  and  are 
governed  by  the  uniform  laws  of  an  invariable  order  of  nature;  like 
effects  result  from  like  causes  and  conditions,  and  the  life-process 
prei^nts  the  attributes  of  uniforcoity  and  continuity  controlled  by 
the  laws  of  descent.  Reproduction  is  an  original  property  of  hving 
Blatter  and  life  is  continuous,  and  death  is  not  due  to  such  a  prop- 
erty; this  is  a  proportion  iu  which  there  would  be  a  general  agree- 
ment with  Wcissmann.  Roger  '  reduces  the  conception  of  death  Co 
the  formula:  "Death  is  the  result  of  an  arrest  of  cellular  nutrition; 
■whatever  the  multiple  proceedings  are  that  are  called  into  play,  the 
final  result  is  always  the  same." 

A  "disease-process"  or  "pathological  proce.^"  cannot  be  con- 
'  Rogor,  G.  Ht  Introdiiction  to  Out  Studs  0/  MUitxTU.  Tiwu.,  IflOt. , 
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ceived  as  comparable  with  the  physiologica]  procesa;  the  causes  of 
diwasG  being  extraneous  to  normal  cell-life  &re  occidental,  multiple, 
diiicontinuous,  n'ithoul  uniformity.  It  is  consistent  with  thie  that 
even  in  the  problem  of  lumor  growths  there  are  some  essential 
expl&ining  facta;  whatever  of  the  various  theories  may  be  employed 
to  account  for  them,  they  are  not  in  dwelUog  eulittcs,  but  depend  for 
their  existence  upon  the  inherent  vitality  of  the  parent  organism 
Acting  under  abnormal  conditions.  When  the  organism  dtee  the  new 
growth  dies ;  there  can  be  no  disease  without  prior  normal  life. 

n'hca  applied  to  functional  dieorderti,  the  asKuniption  of  a  necc«- 
aarj,'  correlation  between  &  "diseaae-form"  and  an  underiying  struc- 
tural "dlseaBC-process"  goes  beyond  the  pro^-ince  of  morpholopcal 
pstbologj'i  it  involves  the  intracellular  changes  of  physiological 
chemistry.  It  is  obetruetivo  of  a  true  conception  of  the  wide  varis- 
tions  of  function  that  bplnng  to  molecular  mitritiw  and  metabolic 
changes  due  to  variations  in  condition,  irritability,  inteusity  of 
Btimulus,  etc.,  though  affecting  the  same  phyMco-chcmical  opera- 
tions by  the  same  agencies.  But  an  authoritative  innistenre  upon 
the  "diwase-form"  and  "diaeaa^proceBs"  ideas,  with  respect  to  all 
peychosee,  has  undoubtedly  tended  to  distract  attention  from  a  free 
conKideration  of  fimctionaJ  conceptions  of  mental  pathology.  Thei>e 
and  kindred  forms  of  words,  with  their  distinctly  morphological 
stamp,  show  the  character,  in  aome  degree,  of  changing  conceptions 
of  pathology.  They  are  kept  in  use  by  their  convenience;  and  they 
appear  to  bo  in  harmony  with  certain  accepted  theories  and  doc- 
trines conoeming  the  nature  of  dieteaae  and  death,  and  their  relation 
to  life.  The  influence  of  these  doctrines  is  so  great  as  to  require 
examination  here. 

The  difficulty  of  determining  a  sharp  limit  between  life  and  death 
has  be«n  stated  by  Verwom: '  there  is  no  deOnite  time  at  which  life 
ccasCT  and  death  begins  in  &  complex  organism,  for  one  set  of  cell- 
complexes  may  survive  another  for  a  long  time;  but  "there  is  a 
gradual  passage  from  normal  life  to  complete  death  which  frequently 
begins  to  be  noticeable  during  the  course  of  a  di^ase.  Death  is 
developed  out  of  life."  "Thus  death  does  not  come  to  the  cell 
immediately,  but  is  the  end-renult  of  a  long  series  of  proceHHes  which 
be^n  with  an  irreparable  injury  to  the  normal  body,  and  lead  by 
degrees  to  u  complete  cessatiouof  all  vital  phenomena."  It  is  reasoned 
that  "Ufe  and  death  are  only  the  two  end-results  of  a  long  series  of 
changes  which  run  their  course  successively  in  the  organism;"  abo 
that  "death  undergoes  a  development;  normaJ  life  upon  the  one 
hand  and  death  upon  the  otlier  are  merely  the  remote  end-staj^  in 
this  development,  and  are  united  to  one  another  by  an  tminternipted 
scries  of  intermediate  degrees/'  Tltis  transition  from  life  to  death  is 
'  Verwom.  M.,  Omtral  ffcynoloyy.  Trant.,  18W. 
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termed  nrerobifiaia,  a  word  introduced  iuto  pathologj-  by  ^^rehow 
aiid  ScliuUz;  it  is  understood  to  meaB,  accordiiog  to  Verwom, 
"those  proceeees  that,  beginning  with  an  incurable  lesion  of  (he 
normitl  life,  lead  sloirly  or  rapidly  to  unavoidnble  death." 

Thus  the  principio  of  necrobio^s  is  to  be  studied  in  the  cell  as  well 
a^  its  vita]  phnnomcns;  and  it  is  held  to  apply  also  to  the  doath  of 
conipountl  organiiims.  By  an  extension  of  thia  conception  it  explains 
the  condition  of  natural  death  in  old  ngc,  which  thus  appears  to  be 
physiologicid.  Senile  atrophy,  which  leads  finally  to  death  from  the 
feebleness  of  old  age,  is  to  be  regarded  aa  simply  the  end-result  of 
a  long  dcvelopmentfll  9criea;  death  in  old  age  \»  the  natural  end  of  an 
unbroken  development  and  its  causes  exist  in  the  living  organism 
itself.  Life  itself  never  becomes  extinct,  but  there  ia  a  continuity  in 
its  descent;  yet  living  subatance  itself,  in  the  form  of  bodies,  is  con- 
tinually dying. 

Compare  with  tho  foregoing  the  views  presented  by  Gowera  '  in 
regnrd  to  "  diseases  from  defect  of  life  "  to  which  he  pves  the  desig- 
nation "ahioirophy"  tcdiBtinguish  a  newly  diffe^enliated  clinical 
group  of  conditions  and^mptoma;  he  acknowledges  Motl's  cotem- 
porary  recognition  of  these  conditions.  The  conception  is  that  of 
"a  degeneration  or  decay  in  consequence  of  a  defect  of  vital  endui^ 
ance;  "  it  indicnt«M  a  failure  of  lire-proc€««ei«  due  to  dcfoctiv-e  vitality 
which  aeems  to  be  inherent.  It  is  recogniKed  that  many  degenerat  ive 
diseases  of  the  nervous  system  are  a  result  of  such  defect.  The  idea 
is  expre-wwd  byMntt:'  "  The  neurones  of  a  particular  system  die 
prematurely,  owing  to  an  inherited  or  acquired  want  of  durability, 
and  the  reg^essi^■e  proce.S8  of  decay  may  be  looked  upon  as  a  nu- 
tritional Tailure  on  the  part  of  the  same  cella  to  maintnio  that  mettt- 
bolio  equilibrium  essential  and  corre!ati\'e  to  functional  activity." 
Every  nerv«-ecll  of  the  human  body  is  conceived  to  be  "endowed 
with  a  «pe<*ific  durability  whereby  in  the  health -perfect  organism 
every  neurone  posse.?3CJs  an  equally  adjusted  vital  onergj*."  This  is 
a  HtAteroent  of  one  of  the  two  ways  in  which  the  regreasive  process 
occurs,  the  other  being  "the  metamorphosis  incidental  to  old  age 
nuinifesled  by  a  gr.adual  and  general  enfeeblcment  of  the  functions 
of  the  whole  nervous  system."  "In  contradistinction  to  this  nor- 
mal senile  decay  are  the  premature  pathological  processes  of  decay 
flttfickijig  groupj*,  «5-«tera8,  or  communities  of  neurones  subserving 
special  functions."  "The  process  may  be  regarded  as  the  inverae  of 
development;  "  in  Imrniony  with  these  views  Ilughlings  Jackson  is 
quoted  in  regard  to  the  helpfulness  of  considering  di-teiwes  of  the 
nervous  system  "as  reversals  of  evolution,  that  ia,  as  dissoluljoa." 
Mott  conceives  that  the  process  of  primary  degeDeration  is,  morpho* 

'   Oon-pm.  W.  R..  Abuilrophy.  /rfjnccf   J«)2. 

'  Molt,  F.  W.,  Th*  DcQencratum  of  thu  KfwvnM,  Croonian  Leclur*t,  1900. 
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logically,  an  evolutioua)  reversal  conmencing  in  the  structures 
latvst  (icwiopwl, 

In  the  extenaive  literature  concerning  the  life-processes  and  their 
fftilure  in  disease  sod  senility  other  diverging  views  mny  be  cited, 
but  the  purpose  Iicrc  is  only  lo  indicate  ccrtuiii  ideas  luid  reiisoDings 
that  bear  upon  the  pathological  conceptions  with  which  peychintiy 
hfts  had  to  labor.  With  respeet  to  physiologiral  old  age  endin);  in 
natural  death  the  contending  view  is  that  the  declliie  of  life  manifesta 
the  summation  of  the  effects  of  eictcmal  injuries,  the  damage  of  ivear 
and  wABte.  and  is  not  something  difTerent  and  upart  from  disease.  It 
is  to  be  noted  in  the  doctrine  of  necrobiosis  that  the  idea  of  a  "dleeaee- 
rality,"  with  it«  eouise  and  process  parullvl  and  antagonistic  to  the 
life-process,  is  avoided  by  conceiving  life  or  the  life-principle  a£  the 
sole  producer  of  two  series  of  developmental  processes,  one  of  which 
Iwdtt  to  its  end-result  in  the  existence  of  normid  being;  this  life- 
process  is  also  conceived  as  turning  against  itself  in  another  process 
of  producing  a  series  of  decrements  that  reachea  to  the  end-rcjiull  of 
non-existence.  One  result  must  exclude  the  other,  and  we  admit  that 
death  is  the  common  goal ;  the  life  of  every  living  thing  ends  in  death 
and  there  is  only  one  end-result,  —  death  is  developed  out  of  life. 
But  by  shifting  the  position  to  the  larger  v-iew  the  attempt  is  to  set 
Up  H  dual  conception  of  two  processes,  equal.  pArallcl.  nntngODistic, 
yet  conjoined.  Tlic  truth  is  that  the  whole  of  life  comprt- heads  all 
li^Hng  nature;  the  individual  parts  that  bloom,  fructify,  and  perish, 
and  the  fragments  chipped  snd  sloughed  off  from  the  great  einbodi- 
inent  of  life  in  matter,  arc  always  dying  or  dead,  but  the  one  chief 
procMSof  life  poos  on,  and  we  say  that  life  is  developed  out  of  death. 
The  minor  casualties  of  injur>'  and  disejise  represent  the  chance 
eueouniers  of  li\'iug  substance  in  its  struggle  for  existence  with  the 
iliwonlinuous  oppc)sing  forces  of  the  world  of  living  »nd  material 
things.  IJvinRBubstancedies,  hut  life  is  immortal.  We  may  describe, 
in  such  figures  of  speech,  the  dual  developmental  processes  with  their 
cotilraxting  end-rcstilts. 

The  paradox  of  the  "processes"  appears  also  in  the  application 
of  the  doctrine  of  abiotrophy  which,  of  itself,  helps  to  make  clearer 
the  terms  of  the  problem  by  the  conception  of  a  failure  of  nutri- 
tional cnerg>'  with  a  consequent  linutation  of  the  durability  of 
the  organism  and  of  the  length  of  hfc.  In  applying  this  doctrine 
to  certain  pathological  changes  it  i.t  said  that  the  overgrowth  of 
interstitial  neuroglial  iissuo.  when  the  nerve  elements  decay,  is 
in  consequence  of  the  fact  that  the  two  elements  have  "a  com- 
mon biu.  invensc  vitality;"  when  the  nutritional  energy  fails  to 
maintain  the  gron'th  of  both,  the  more  highly  specialixed  tissue 
ceases  to  live,  while  the  less  specialized  teiltlK  lo  ox-ergrow  ■Rith 
Ibe  lendcDcy  of  the  former  to  decay.     It  is  explained  that  these 
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"tendencies  are  in  the  oppodt*  directiou,  but  they  seem  to  be  coin- 
cident results  of  the  eame  vital  conditioD." 

In  the  many  vrdll-ktiown  conditions  of  coQStitutianul  wcakneas 
and  instability  it  is  easy  to  understand  the  nutritional  failure  to 
develop  normal  growth  and  efKciency  of  fimctioii,  or  to  maiDt&in 
them,  and  llic  consequent  recession  of  the  developmental  pro- 
ces«e.<i,  even  to  the  cessation  of  life.  The  doctrine  of  dissolution 
as  characterizing  the  many  conditions  of  such  recoBsons  is  clearly 
cun&istciit.  When  biological  conceptions  are  invoked,  it  is  also 
easy  to  comprehend  the  general  principles  of  de\'elopinent  whereby, 
through  physiological  reactions  of  the  organisni,  there  are  adapt- 
ations and  modifications  of  sharactera  due  to  changes  of  environ- 
ment and  favorable  to  life  and  health;  it  is  intelligible  that  through 
use  higher  types  of  characters  may  l^e  produced,  or  through  dis- 
use recessions  to  more  primitive  types,  under  the  causative  influ- 
ences of  the  cn^iroamrnt,  and  all  this  nmy  be  within  the  phytiio- 
lugical  Itmity  of  the  organism  as  expressions  of  the  processes  of 
life.  In  the  dom»n  of  biology  it  is,  no  doubt,  helpful  for  descrip- 
tive purposes  to  conceive  of  the  developmental  forces  an  acting 
in  an  inverse  direction,  producing  the  effects  of  reversals  and  re- 
gresBioDS.  But  when  this  latter  conception  ia  applied  to  patho- 
logical conditions,  it  13  in  harmony  with  our  prevailing  modes  of 
thought  in  medicine  that  there  is  conceived  to  be  an  attack,  as 
of  some  harmful  agency,  upon  the  living  organism;  a  pathological 
process  of  degeneration  is  HUpposed  to  ensue  which  is  a  regreeave 
process  of  decay,  and  this  implies  its  active  going  backward  against 
the  nornuil  tendency  of  the  nutritional  energy  to  maintoiin  life 
and  gron-th.  As  a  further  explaining  principle  the  conditions  of 
acquired  or  inherited  defect  are  conceived,  and  a  process  of  de- 
generation of  which  "heredity"  is  the  motive  force;  thus  the  de- 
velopmental forcea  turn  against  themselves,  and,  working  In  the 
inverse  direction,  produce  decay.  It  is  the  all-pervading  disposi- 
tion to  seek  an  immediate  cause  for  every  effect,  and  it  is  easy  to 
describe  agencies  and  processes,  When  the  stamp  of  "degeneracy" 
is  fixed  upon  a  fated  organism  we  commonly  tiiink  of  its  posseesor 
as  a  "degenerate  "  descending  to  ioe^'itable  doom. 

Is  it  not  evident  that  there  is  a  misleading  ambiguity  In  iho  pn- 
vaiUng  luage  of  the  conception  of  "proceBses"?  It  is  necessaiy 
to  the  Qolion  of  a  process  that  there  is  a  passing  o\'er  of  one  s^ 
of  phenomena  into  another,  and  this  conertitutcs  a  change.'  A 
"process"  is  constituted  of  a  series  of  such  changes  when  one  stage 
or  aspect  of  the  process  necessarily  succeeds  upon  another.  The 
action  of  a  causative  force  or  stimulus  h  eescntial  to  the  change, 
as  in  the  biolo^cal  processes.    The  requirements  of  the  ooncep- 

■  Baldwia,  J.  M.,  Devthpmnd  and  Evdution,  1902. 
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tion  of  tvo  coincident  procesaes  appear  in  tbe  principle  of  the  psycho- 
pbyaiosl  parallelism  in  the  relation  of  mlud  and  body.  It  being  the 
gBtUral  fitct  that  certain  changes  in  those  brain-  and  ncr\'o-pru- 
CBMOB  with  which  consciousness  is  associated  are  always  accom- 
panied by  cLanges  in  consciou^ueaa,  and  the  converse  being  true 
abo,  thoQ  certjiia  other  sclenti&c  principle  arc  involved:  (1)  tbu 
principle  of  eguai  eorUinuiiif,  with  no  breaks  in  either  series  of 
changes,- — if  one  series  ia  continuous  the  other  must  be  continu- 
ous also;  (^)  tbc  principle  of  uniJorm-Uy,  when  certain  phenomeDa 
in  each  series  in  brain-pruceas  and  conscious  state  are  essentially 
usociated,  then  the  concomitance  of  tliose  terms  may  be  looked 
for  OD  all  other  occasiooa;  (3)  the  principle  inuM  be  a  univertat 
ooe,  —  whenever  we  find  a  series  of  phenomena  in  either  of  the 
panillol  trains  of  events  the  principle  of  parallelism  has  its  appli- 
cation. Structure  aud  function  must  exiat  before  tliere  can  be  any 
disease;  the  phenomena  of  life  represent  the  supreme  process  in 
animate  nature;  the  phenomena  of  disease  and  degeneration  ap- 
pear as  tbe  results  of  diaconti nuous  inteHerences  with  the  Lif&- 
pTOceaaca  in  which  "normal  function  is  acting  under  abnormal 
conditions;"  the  aesumptton  of  u  "disease-process,"  or  of  a  "patho- 
logical process"  in  the  same  eenae,  faiU  to  meet  the  eBsential  re- 
quirements of  &  "process,"  —  it  is  certaioly  not  comparable  with 
the  life-proeeee.  If  we  must  Bpeak,  for  convcuience,  of  "patholog- 
ical procc«"  and  " dcgecerativo  process,"  the  terms  should  bo 
vs^  only  in  a  ver>'  narrow  sense  of  comparatively  transient  in- 
teifersiices,  or  in  the  sense  of  referring  to  normal  function  acting 
patboto^cally . ' 

To  the  inquiring  mind  the  contradictory  presentations  of  these 
xnattcrB  is  confusing  and  creates  difficulty,  The  subjects  are.  in 
their  nature,  complex,  and  our  knowledge  is  limited,  but  much 
ambiguity  is  undoubtedly  due  to  the  lack  of  precision  in  the  state- 
ment of  the  terms  of  the  problems.  One  of  the  most  commoa  ob- 
etaclee  to  clear  thinking  appears  to  arise  out  of  the  fact  that  for 
every  predicate  implying  action  wo  have  to  think  of  an  actor,  or 
eauBativti  agency,  and  our  minds  habitually  conceive  of  eome  form 
of  pecBonificatton  of  such  an  agent  as  possessing  motor  and  motive 
attributes.  Thus  wo  think  of  Ufo  and  death,  and  artists  lecture 
them,  in  human  forms;  we  are  prone  to  dualistic  conceptions  and 
the  mind  delights  in  such  paradoxical  phrnscs  as,  there  can  be 
BO  death  without  life;  no  disease  without  health;  no  evil  with- 
out good.    The  use  of  the  active  predicate  abbreviates  cxpreamon 

*  Tbo  wTtter'n  xtrtw  of  the-  inadpfjiuMsy  «ad  mialeading  Influence  of  lh«  "S»- 

we-pfoctaa "  «inorption  m  a  uucetion  m  pByohiatry  waa  first  p««9unU.il  to  tbe 

American  lIc<lici>-lS<^  ctinlofcicAi  AnNKriation  at   ite  mcetiae  in  Wnehiu^D  in 

1 1906,  in  an  unpulilulii'il  lutiwr  uii  t)ie  prindptee  of  meotal  patholog}-  and  tbe 

Batun  of  meotal  armptoam. 
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ntitl  raliveue  speech.  Profeseor  Saoford,'  discus^Dg  the  inQuonce 
oT  physics  on  pnychdogy,  not.c5  the  fart  that,  ta^  the  msult.  i>f  man's 
long  primitive  practice,  hie  habits  of  thought  are  objective,  aud 
the  l&ngusgc  be  uses  is  sadiraied  nilh  phy^cal  connotations  and 
metaphors.  It  i»  nol  eaay  for  even  llie  bent  of  ua,  he  nays,  lo  keep 
clear  of  tliiH  inveterate  phy.iical-inindeilnCH8  and  the  eubtle  sug- 
gestioQg  of  languAge;  we  help  out  our  thinking  by  m&tcriAl  figures 
«nd  feel  n  sort  of  dumb  compulsion  lo  make  our  psythologifal 
theories  accord  T^-Jth  physical  requirements,  Ebbingliaus  is  quoted 
lis  describing  the  older  psychology  as  diHtinctly  "mechanistic," 
muny  analogies  from  familiar  material  processes  being  u^d  in  the 
exposition  of  montul  phenom<jna.  In  regard  to  cascntialfi,  Professor 
Sanford  thinks  it  may  be  said  that  psychoiogy  has  outgn>H:n  this 
method.  But  turning  to  our  own  field  of  the  medical  scienceB.  the 
ruling  tendency  of  our  thought  and  langtm|;e  lejida  to  the  conccp- 
tionfl  of  "diseaee"  and  "ptovess,"  for  example,  in  terms  implying 
immediate  causative  agents,  The  familiar  conceptions  of  a  pro- 
ccts  of  niia1)oli.tm  and  a  contending  procpsw  of  katabolifni  in  the 
cell  arc  treated  as  the  analogues  of  the  life-process  and  denth-pro- 
rc^ffl.  The  analogy  in  extended  to  include  in  this  conception  the 
fact  that  in  the  whole  compound  organism  the  anabohc  processes 
overbalance  the  katabolic  till  middle  life,  when  the  two  processes 
are  more  nearly  in  equilibrium,  and  that  thereafter  kfttabolisra 
predominates  more  and  more  in  the  normal  decline  of  old  age.  It 
is  held  that  in  the  broadest  sense  the  process  of  senescence  begins 
with  the  beginning  of  Ufe  in  a  progressive  diminution  of  the  power 
of  growth;  and  with  the  progressive  n'aniiig  of  tho  vital  powers 
the  leading  somatic  changea  accompanying  old  age  are  atrophic 
and  degenerative.  The  same  conception  concerning  the  anabolio 
and  katabolic  processes  la  equally  legitimate  conccniing  the  Ide* 
that  an  inherent  tendency  to  degeneration  U  transraisable;  the 
inherited  constitutional  weakness  and  Himiniitinn  of  \'ita!ity  may 
be  interpreted  at*  belonging  to  the  series  of  changes  which  imply 
h  process  of  dying  continuing  through  several  generations. 

There  appears  through  uU  these  rca-sonings  the  prevailing  method 
of  thinking  in  terms  of  "proceaacH."  The  inquirer  is  moved  to  ask 
whether  the  normal  processes  of  anabolism  and  kataboliem  are 
not  both  essential  to  the  maintenance  of  a  health-perfect  cell  and 
both,  therefore,  parts  of  the  normal  life-proceas?  We  do  not  think 
of  (he  most  healthily  active  cell  as  ore  most  vigorously  dying.  If 
we  consider  the  phymco-chemical  changes  in  the  cell  inclusively 
as  n  process  of  metabolism,  it  Is  coniri^lcnt  to  think  of  the  normnl 
l>ui]ding-up  and  breaking-down  of  complex  compounds  in  growth, 
fforfc.  and  repair  as  harmonious,  and  not  antagonistic,  operations. 
'  Sanford,  K.  C,  Pti/cMogy  and  /%ai«.  The  tpjth.  Hw.,  vol.  X,  1003. 
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Hertnj{  sepuralea  assiroilatitm  as  only  a  quaJilalive  obemieal  change 
from  growth  aa  quantitative,  and  in  tike  manner  disniinilatian 
from  fttrophy.  As  to  the  traiuformatiojis  in  tbe  cell»  and  the  over- 
whelming number  of  eubetanceia  exerolcd  from  them,  little  m  known 
of  the  pnicr^&cfi  by  wtiirh  Ihcso  are  derived;  but  tnuny  product« 
«re  f«irnied  in  both  tlie  asceuding  and  descending  portions  of  tbe 
metabolic  series.  I^twrdered  and  imperfect  adjustments  of  tbe 
molecular  arntngcnicnts  of  living  Hubstuni^c:  may  effect  aiid  urrctit 
botli  auabfjlism  and  katabolism;  defect  of  the  latter  and  not  its 
predaminance  con  be  (.•onceived  as  a  cause  of  the  death  of  the  cell. 
In  physiologioul  thoor>-  the  distinction  is  made  between  deatli 
of  the  tisRUea  and  Botnalic  death;  in  the  former,  it  le  reasoned  that 
cODstantty  throughout  life  the  molecules  of  living  matter  are  be- 
ing diaintegrated  and  whole  cells  die  and  are  cast  away,  —  and 
that  life  and  death  are  concomittmt ;  in  the  latter,  death  occurs 
when  one  or  more  of  the  organic  funcliona  is  so  disturbed  that 
the  harmonious  exercise  of  all  the  functions  becomes  impoesible. 
This  diettnotiun  has  l)ccn  referred  to,  and  further  inquiricD  are  sug- 
gested here.  In  respect  to  the  death  of  the  tissues,  the  "unit  cell," 
being  an  organism  of  high  complexity  as  to  its  structure  and  func- 
tion, and  il8  life-proceas,  is  not  failure  of  this  life-process  of  the 
eo^wrative  adjustments  within  the  cell  truly  analogous  to  the 
failure  of  life,  or  nomatic  death,  in  the  whole  coiiipoiuid  organism? 
In  this  connection  the  question  agaJtt  ariHes  as  to  the  coticoniitanre 
of  the  pTOceaees  of  life  and  death,  — the  latter  being  thooretieally 
analo^iLi  to  the  constant  disinlcgrHtion  uf  living  mutter.  Her- 
ing'a  idea  that  aefdmilation  and  dissimilation  are  distinctly  !)eparat« 
from  gTtJWth  and  atrophy  permits  the  former  to  be  regarded  as  one 
intimately  combined  and  normal  metabolic  process  in  a  working  cell, 
having  no  theoretical  eignifieanco  except  as  wholly  contributing  to 
the  maintenance  of  the  fimction  of  a  health-perfeet  cell,  The  daily 
shrinkage  of  tbe  working  and  fatigued  cell  may  be  regularly  mnde 
up  by  rest  and  nutrition;  this  i»  not  atrophy,  cither  simple  or  dc- 
geaeratii'e,  for  the  continuity  of  cell-life  may  be  tmimpaired  and 
only  the  labile  molecidar  incUmoos  be  changed  by  normal  use  which 
promote*  the  health  of  the  cell.  On  the  other  hand,  the  function 
of  growth,  being  of  a  more  primitive  type,  would  appear  to  con- 
tain the  explaining  principle  of  the  hfe-proecss  a-s  contrasted  with 
the  work-proccit8.  Consistent  with  this  appears  to  be  the  sharp 
differentiation  by  Adami  between  cells  which  have  the  habit  of 
growth  and  those  which  have  the  habit  of  work;  these  two  func- 
Uons  cannot  be  exercised  by  the  same  cell  at  the  same  time,  and 
a  normal  working  cell  may  revert  to  the  type  of  a  vegetative  celt. 
This  implies  that  cells  nf  the  primitive  tyjw  having  only  the  func- 
tioQ  of  growth,  their  "work"  (ia  the  common  usage  of  the  word) 
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is  without  external  manifestatio&fl  of  energy;  but  thst  the  func- 
tion of  work,  which  is  the  power  to  store  potential  energy  within 
Mi<l  to  produce  kinetic  energy  in  external  work,  lx>longH  to  the 
highly  speci&Iized  cell  as  an  acquired  character  which  it  may  lose. 
This  being  true  we  may  undcrBtund  that  asainulatioD  and  dls»m- 
ilution,  in  the  limited  sense  employed  by  Hering,  conetitulc  a 
special  kind  of  inclusive  metabolic  proceas  different  from  the  mole- 
cular chants,  perhaps  less  complex,  productive  only  of  growth. 
It  13  not  conclusive  thst  katabolism  typically  represeiitn  destruc- 
tion of  life,  though  it  means  changes  of  substance  in  which  life 
exists.  These  considerations  suggest  qucHtiona  that  are  not  in 
harmony  with  the  generally  accepted  theory  of  life  and  death  as 
coDComitant  processes  based  upon  an  assumed  analogy  to  the 
physiological  processes  of  the  healthy  hving  cell. 

This  inquirj-  is  intended  only  to  consider  aome  examples  of  eur- 
rrait  theories  with  the  question  whether  they  can  be  resolved  into 
more  simple  coiiceptiona.  The  life-prooesa  being  conceived  as  Iho 
one  supreme  "process"  in  li^'ing  organisms,  this  impUos  its  main- 
tenance hy  causative  forces;  assuming  each  individual  to  be 
endowed  with  a  given  vital  durability,  determined  by  antecedent 
conditions  and  Hubject  to  modificatJODs  due  to  fiivoring  or  iidvcrse 
inlluences,  the  life-process  reaches  Its  possible  attainments  and 
filially  fails  in  the  struggle  for  existence.  Injury,  interference  with 
normal  function,  overuse  and  disuse,  disease,  and  the  causes  of 
the  changes  of  senility  present  alike  adverse  influences  which  the 
organinm  fails  to  overoomo.  Wo  mui^t  spnak  of  disease  and  u^e 
itH  meaning  as  referring  to  results  in  diseased  parts,  organs,  or 
tissues;  and  wo  may  commonly  think  of  the  word  as  implying  a 
combination  of  disorders  of  functional  activities  which  may  or  may 
not  be  associated  with  ascertainable  structural  changes.  But  It 
should  be  remerobered  that  we  are  thinking  of  a  patient  and  not 
a  "disease."  There  is  do  disease-process ;  no  causative  forces  exist 
in  nature  that  induce  and  carry  on  processes  of  degeneration  and 
decay;  gradual  failure  is  the  summation  of  the  failures  of  com- 
munity work  due  to  the  complexity  of  the  organism,  each  organ 
Wing  subject  to  the  harmful  influences  of  the  functional  failure 
of  other  members  of  the  community.  There  may  be  deterioratioo 
of  function,  and  degeneration  of  structure  in  the  sense  of  failure 
to  inaintiun  it;  there  may  be  also  regressions  or  rather  recessions 
of  results,  but  no  active  pathological  "process"  of  going  baclnrard 
in  the  stnictural  reductions  called  "degenerative."  These  condd- 
erations  do  not  support  the  idea  of  a  "physiological  old  age,"  based 
upon  the  conception  of  a  normal  process  of  degeneration  or  decay 
as  though  the  results  of  senile  conditions  in  structural  changes  are 
difTerent  from  disease.    This  doctrine  of  natural  decay  and  death 
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[makes  great  trouble  in  dealing  with  senile  conditions  in  medioo- 
[legal  caaes;  and  iu  like  ca^es  concerning  degeneracy  En  earlier  life 
Ibe  most  contradictory  and  confusing  notions  prevail.  They  are 
not  in  harmony  with  practical  experience.  This  is  largely  due  to 
ihe  adoption  in  psychiatry  of  generaliaations  in  regard  to  heredity 
not  yet  warranted  by  the  sc^iencc  of  biology.  The  morphological 
ideas  in  the  prevailing  pathological  conoeptioaB,  and  the  deserip- 
live  terms  emp]oyed.  have  undoubtedly  obstructed  the  progresa  of 
[wiychiatn-.  Frum  fdl  such  preconceptions  the  paycbiatrist  should 
tw  wholly  emancipated. 

A  funrtionnl  conception  of  pathology  is  not  in  conflict  with  a 
pxtholo^cal  conception  in  ihe  sennso  of  the  long-used  distinction 
betireCD  funetionol  and  organic  diseases.  The  objection  to  this 
is  not  leMcned,  but  the  fault  is  not  with  function.  Life  and  the 
science  of  physiology  are  fiist;  function  and  all  that  pertains  to 
it  are  primary  facts  of  the  activities  of  normal  life.  Much  dishar^ 
mony  in  ihc  conceplions  of  pathology  has  Ix-cn  due  to  the  setting- 
ap  of  ideas  of  "organic  diseases"  aa  the  chief  factors  in  pathology, 
and  the  minimizing  of  function  as  wonhy  of  serious  scientific  con- 
laderatJOQ.  Our  conceptions  of  function  are  uncomplicated  as  re- 
lating simply  to  the  modes  of  action  of  the  several  parts  of  the 
organism;  but  we  must  think  of  organic  di-sease  in  two  ways,  of 
changes  of  structure  in  reautts,  and  of  changes  of  action  in  "pro- 
eeee."  The  fimctionnl  factors  arc  necessary  to  organic  disease  and 
tlteir  distinction  and  true  relation  should  be  discovered  in  their 
rnmbination.  The  organic  changes  of  disease  are  the  sequels  of 
interferences  with  the  prime  process  of  normal  life. 

Physiology  and  its  Relation  to  Psychology 

Phyaiologj'  acknon-ledges  its  debt  to  Johanneei  Muller,  who  mas- 
lered  the  two  great  sciences,  morphology  and  physiologj-,  and 
WW  a  teacher  of  pathology.  He  took  an  active  interest  Jn  psych- 
ology, regarding  phyaology  by  empirical  methods  as  essential 
lo  advancement.  After  Miiller's  Heath,  nearly  fifty  years  ago,  the 
fields  of  his  scientific  work  were  divided  by  the  specialiiationa 
through  whidi  the  present  marvelous  advancement  boa  boon  gained. 
Fhyriologiea]  chemistry  became  independent  of  physiology;  and 
physiolo^cal  psychology  developed  on  the  lines  of  psycho- physical 
experiment.  It  was  then  that  mental  physiology  sliould  have  made 
its  unitm  with  mental  pathology.  It  is  easy  to  am  that  peyohology 
tried  to  accomplifih  this  by  its  attempts  to  find  a  morphological 
haais  for  its  investigations  through  the  experimental  method,  but 
the  field  for  this  -whb  limited.  Psychiatn,*  under  like  limitations, 
hy  its  morphological  attitude,  met  the  invitations  of  psychology 
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with  iolierited  distrust  of  a  fiuictioiinl  patjiulogj- ;  p»j-chology 
was  turned  upon  itself,  and  also,  much  of  its  own  choioe,  sought 
and  found  open  ways  hack  into  the  attractive  regioos  of  the  ijives- 
tigfttion  of  psychical  function  and  philosophy.  The  later  phaeo  of 
psychiatrical  interest  in  experimentation  has  been  menliooed,  and  is 
full  of  promise,  but  such  mnv-cments  require  years  of  time.  The 
Diethod  of  exhaustive  study  of  the  clinical  expres^oD  of  psychical 
reactions  tlirough  speech  and  behavior,  and  the  use  of  experimental 
tests  which  brin^  uut  individual  characteriHtics  and  their  variations, 
are  gaiulug  a  share,  which  must  increase,  of  the  altenlion  and 
intorcb-t  heiy.-lofore  ccatrcd  in  (he  pathological  lu.borator>'.  This  is 
a  new  and  definite  revelation  of  a  tendency  toward  the  study  of  a 
functional  conception  of  pathology  in  psychiatry. 

Psychology  is  still  kept  apart,  however,  from  the  practical  study 
of  mental  pathology;  this  is  probably,  in  part,  its  own  fault;  al- 
though souic  students  of  psycholo^  have  shown  the  requisite 
interest,  there  is  a  lamentable  want  of  opportunity.  What  would 
really  be  the  most  promising  interest  in  psychiatry  should  be  found 
in  the  establishment,  in  liospituls  for  the  insane,  of  true  experi- 
mental psychology,  with  physiological  methods  applied  otiriically, 
according  to  the  principle  of  using  instruments  of  precision  in  other 
clinical  wurk.'  The  obiivrvcr  of  thcw  clinical  munifcstationa  trained 
both  as  a  psycholo^st  and  physiologist  would  fuid  many  new  varia- 
tions of  phenomena  not  seen  in  the  normal  subject.  A  hospital 
for  the  treatment  of  mental  disorders  is  a  laboratory  of  itself  where 
nature  makes  experiments  in  the  excitation,  suppi-ession,  and 
combination  of  naturally  correlated  psychical  and  physical  reac- 
tions, (pving  many  clearer  displays  of  their  nature,  both  by  their 
intensification  and  absence. 

Mental  diseaaos  are  peculiarly  and  e<«entially  constituted  of 
mental  symxitorafi;  the  study  of  their  phenomena  must  refer  tfaem 
to  mentid  physiology,  fur  the  laws  governing  vital  phenomena 
under  abnormal  conditions  are  not  dilTerent  from  those  of  normaJ 
life.  The  study  of  mental  physiology  under  pathoiopcal  condi- 
tions should  he  helpful  for  both  psychology  and  psychiatry. 

This  inquiry  being  asuumod  to  be  free  from  ail  preconceptions 
as  to  the  true  nature  and  place  of  mental  pathology,  and  us  to 
forms  and  names  of  mental  diseases,  it  may  be  turned  to  an  ex- 
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'  For  aa  tuxovnt  of  tli«'  Ix-giiniLrig  of  Clip  prvM'itt  l«boratOiy  tiietlio<b,  both 
psycholo^cal  and  chemical,  at  t\w  Mclean  Hospital  in  ISSI9,  we  !■**  I^tAcrototr^ 
dt  Ftvchologie  en  Amfrnptc,  by  K.  0.  Deblujrr.  L'.inn/«  PtydiditoswUt  ISBK; 
alio  £aboralory  of  the  Md^nn  UntpHnl,  hy  (i  Stanley  Hull,  Am.  Jqut.  inmnit^. 
1895,  The  iiiliwfiuent  devplo|nnenHif  iIip  pat.linlntncnl  lulionitory  and  tlw  clinical 
methnde.  —  of  itip  Inlxiriittir}'  (or  |uilliul(i)tii>iil  cliDnii»try  in  ]M)0.  —  and  of  that 
for  pathologjcnl  plivsiology  ntid  jitvciiotogiail  <;xptirimcnt  in  1B04.  «>nititut«  a 
tnw  poyeliiatrteoj  clinic  of  b  sprnnl  clinmctcr,  dr-igrn^  freiti  tho  outatt  for  tlir 
invwtigfttian  of  the  lunotioiuU  cunUitions  of  jdcdUI  UJaorder. 
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uninatton  of  the  relations  of  psychology,  or  mental  physiolog)-,  to 
all  of  the  associated  rcju.-tioius  of  the  physical  ur^iLniEni.  This  is 
the  necessary  baxiH  of  pathological  physiolo^'  for  psychiatry. 
Approacliing  the  subject  uewly  from  this  point  of  view  the  physi- 
cian should  seek  to  iiifunii  hirtuwlf  concerainji^  ut  Icjuit  thv  immc- 
iliate  facts  of  mental  function  luid  the  accepted  postulates  of 
psychology.  But  in  preparation  for  such  a  study  it  slioiild  be 
rocQgnizcd  that  mcatal  physiology  is  iucludod  iu  KCucrul  physiolugy 
as  eooceming  a  part  of  the  vital  actiN-tties  of  the  living  organism; 
algo  that  certain  literal  moc](-»  of  action  in  the  body  always  have 
a  put  In  mental  fituctiou.  Some  of  the  symptom -factors  of  mental 
disorder  have  their  genesis  in  conditions  that  affect  primarily  other 
parts  of  the  organism  than  the  brain.  General  phyaifilogy  there- 
fare  claims  the  attention  of  the  p^ycliiatrist  to  certaiu  essential 
principlof  whoso  iniportaDcc  con  only  he  tndicutvd  here  by  mention- 
ing some  of  those  of  immediate  interest;  the  purpose  ui  to  present 
some  of  the  physiological  reasons  for  the  proposition  that  the  pro- 
blciu  of  p!«ychiiitfy  lies  in  iKe  funciioniil  |>eyvhoi(es. 

Refereneet  to  Phyaiologieal  PrineipUs 

A  distinctive  feature  of  modem  biology  is  the  fundamental  con- 
ception of  a  living  body  tut  a  phycucal  mechaniHUi  (Hu.\Icy);  under- 
lying all  the  phenomena  of  the  animal  organism  is  the  reflex  action 
of  the  oen-ous  system,  and  physiologists  generally  agree  to  coa> 
aider  every  action  as  aroui^ed  by  some  cause  or  stimulus  (Sedg- 
wick); under  the  biological  conception  man  is  an  organism  for 
reacting  on  impressions  (James).  The  nervous  and  mental  mech- 
anisms being  regarded  as  constituted  of  three  minor  ones,  their 
action  appears  in  a  tiensoxy, — a  central  or  transformation, — 
and  a  motor  process;  in  the  central  process  part  of  the  work  done 
by  the  nervous  system  leads  to  conscioufinees;  the  response  to  a 
stimulus  may  be  a  muscular  contraction,  a  secretion  iu  a  ghuid, 
a  vascular  change,  or  even  a  trophic  or  metabolic  influence.  — all 
pertaining  to  the  centrifugal  syntcm.  While  reflex  action  is  not 
conscious  action,  one  may  be  conscious  of  the  act,  and  in  many 
ca8C«  conscious  changes  precede,  accompany,  or  occasion  the  change. 
The  most  important  reflex  of  all  is  commonly  ignored,  viz.,  that 
which  provides  for  the  constant  readjustment  of  the  parts  of  the 
system  to  each  other,  by  virtue  of  trhich  the  entire  mcchniiism  is 
receptive  even  to  minimal  atimuli.  This  may  be  tcriocd  the  nturo- 
e^Uibrium  reflex.  The  tone  of  the  nervous  system  is  this  wonder- 
fully complex  adju-stment  of  inhibition  and  stimulation.  Every 
metabolic  process  in  all  the  nerve-cells  exerts  its  influence  on  the 
tatire  nervous  system.     One  of  the  most  remarkable  reSex  asso- 
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cistioDH  in  that  between  vaso-motor  allerationB  and  the  seat  c^  tlie 
emotions,  which  are  thus  intimately  inrotved  with  the  viscen 
and  vxu^scIh  in  tlivir  minute  coou«ction  with  the  sympitthctie  B/ttcm. 
This  associatiun  has  a  most  important  influoaoe  in  the  mental 
sphere,  thoMgh  beyond  this  fact  little  is  jret  knovrn  of  the  physo- 
lugicnl  basis  of  these  reactions.' 

The  intimate  connection  of  mental  states  and  the  physioal  re- 
actions of  the  whole  body  is  well  recognized  by  both  phy«ioIogista 
nnd  psyoholo^sts ;  it  is  of  fundamental  importance  in  psychiatry. 
Lombard'  dCKribea  the  colls  of  the  central  nervoue  system,  dur- 
ing waking  hours,  as  continually  under  the  influence  of  a  shower 
of  weak  nervous  impulacs,  coming  from  the  sensory  organs  all  over 
the  body;  moreover,  activity  of  brain-cells,  especially  emotional 
fornij*  of  activity,  leads  to  an  o%*erflow  of  nervous  impulses  to  the 
Bpinal  cord  and  an  increased  irritability,  or,  if  stronger,  excitation 
of  motor  nerve-oells.  There  is  a  constant  inflow  from  the  environ- 
ment of  a  vast  number  of  excitations  ordinarily  disregarded  by 
the  mind  but  all  the  time  inQuencing  the  nervc-cctls;  the  effect 
of  this  multitude  of  afferent  stimuli,  in  spite  of  their  feebleness, 
is  to  cause  the  motor  cells  continually  to  send  delicate  motor  stimuli 
to  the  muaclea  and  to  keep  them  in  the  etutc  of  slight  but  continued 
contraction  or  tension  of  muscle-lonua.  In  these  mechanisms  is 
the  seat  of  the  kinesthetic  sensations  and  the  functional  altera^ 
tionH  that  pluy  so  essential  a  part  in  contributing  to  the  well-known 
symptom-factors  of  the  "sense  of  effort"  and  "inadequacy,"  and 
motor  "retardation"  and  "excitation." 

Some  of  the  pliysiologistB  have  given  much  study  to  the  rela- 
tion of  mental  and  physical  states.  Sherrington's'  discusaon  of 
common  and  organic  sensation  and  the  contributing  cutaneous 
sensations  has  an  extraordiHar>'  interest  for  psychiatry.  Com- 
mon ^QSHtioii  is  understood  to  mean  that  sum  of  wnsa-tions  re- 
ferred, not  to  external  agents  but  to  the  processes  of  the  animal 
body,  and  these  sensations  possess  strong  affective  tone.  TotAl 
common  sensation  is  the  result  of  many  component  ecnsatlons, 
and  those  that  arise  in  internal  organs  and  viscera  contribute  a 
great  deal  to  the  total  sum.  Affective  tone  is  the  constant  accom- 
paniment of  seosation;  every  form  of  common  sensation  is  based 
on  perception  of  an  altered  condition  of  the  body  itself.  In  con- 
nection with  this  comes  the  fact  that  all  forms  of  common  sensa^ 
tion  present  significantly  preeminent  attributes  of  pby^cal  pleas- 
ure or  physical  pain;  and  alt  are  linked  cloeoly  to  emotion. 

'  Cf.  Bnldwin'a  Dirf.  oj  PhitASfiphv  ow'  Piychofo^. 

'  Lombard,  W.  P.,  The  Gtniral  PkyMology  of  MiuieU  and  .Vrrv«,  Am.  Ttxt-Bfiok 
of  Phyi..  vol.  n,  p.  U3. 

'  Sn*rriQ|tt«i>,  C.  8.,  Cutantvut  Sentation*.  Schftfpr'a  Text-Book  of  Phytiohgy, 
vol.  ti,  p.  969,  et  «a, 
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The  elaborate  researfihee  of  mflny  observers  m  recent  ycara  coo- 
cemiog  th«  nature  of  the  mu.scutar  8en5e,  the  seDaes  of  touch,  pain, 
and  tvmpiTAtiire,  and  their  special  mechanisma,  Rtrengtliea  the 
eommon  fact  that  th«r  sum  contributes  to  the  eflecta  upon  mental 
feeling-tone.  They  are  in  their  naturt;  pmductivc  in  part  of  the 
organic  eensations.  Hibot '  haa  studied,  more  than  any  one  else, 
the  peyebology  of  the  emotions  and  the  logic  of  their  mental  and 
phydeal  reactions;  he  deKcribes  the  presentations  in  the  conscious 
mind  of  organic  sense  as  constituting  a  vast  aggregate  of  imprea- 
aione  arising  from  within  the  organism  and  continually  flowing 
towanis  the  superior  nervous  system;  it  is  this  repon  of  sub- 
ject consciousness  that  gives  the  consciousoesa  of  being, — the 
MnM  of  personality.  Tlie  sensatjonfi  from  the  special  senses  are 
intermittent,  of  high  intensity,  and  small  in  volume  compared 
with  the  voluminous  though  faint,  continuous,  and  all-per^'ading 
commotion  produced  by  the  organic  sensations.  These  are  intense 
enough,  however,  to  be  susceptible  in  health  of  psychical  interpret- 
ation as  a  sonso  of  MCll-bcing;  from  tbcir  disorders  and  intcnsi- 
licatioii  comeA  the  sense  of  ill-being.  These  are  the  long  recognixed 
changes  of  coonerthesia.  Professor  James  hns  Hhown  the  intimate 
relation  of  the  cuiotiunul  tone  to  bodily  slates;  and  Prufeesor  Ladd 
makes  <;lear  the  usefulness  to  psychiatry  of  a  study  of  the  affec- 
tions and  emotions  in  their  relations  to  the  train  of  ideas,  and  to 
the  different  bodily  organs;  also  the  reflex  effect  of  the  changes  in 
these  organs  upon  both  the  feelings  and  the  ideas. 

Underlying  all  these  phy.-dologtpal  phenomena  of  the  living 
organism  is  the  primary  attribute  of  irritability.  All  the  functional 
phenomena  being  influenced,  witliin  normal  limits,  by  changes 
of  irritability  in  the  central,  peripheral,  sensory,  and  motor  mech- 
aoisms,  and  these  changes  being  dependent  upon  the  prooesses 
of  nutrition  and  metabolism,  and  upon  conditions  of  ubo  and  dis- 
use, rest  and  fatigue,  etc.,  the  alterations  of  functional  efficiency 
in  the  asaociated  reactions  of  mind  and  body  make  the  study  of 
cellular  physiology  imperative  for  psychiatry.  Some  of  the  most 
eonunonty  observed  and  charaetcristic  symptoms  in  raontiil  dis- 
eases may  be  referred  to  such  functional  disorders  in  the  physical 
organism. 


PhyaioUgy  and  its  Relaticn  to  Psychology,  coniinved 

The  healthy  organigm  being  fully  constituted  in  i!tnicture  and 
function  for  Its  work,  when  put  in  use  bepae  immediately  to  t>o  sub- 
ject to  modes  of  action  which  are  the  effects  of  its  own  activities;  in 
other  words  the  living  organism  acquires  functional  characteristics 

*  Ribot,  Tb..  DUca»n  oj  the  PtrtonaUty.  and  (he  Piyrhologij  of  the  Emotimt. 


290 


PSYCHIATRY 


ai!  l]i«  immecUatc  efTecU  of  use.  Some  of  tbe  common  phytsolugicul 
laws  have  a  special  importance  hew  because  they  govern  the  work  of 
the  phyricul  mechanism  and  therefore  of  all  correlated  mental 
reactions,  not  only  in  healtit  but  in  disease,  ae  long  00  tuny  functional 
activity  continues. 

(1)  Auociation  and  Habit  are  fundamental  in  mental  life;  in 
respect  to  the  association  of  ideas  it  is  not  the  ideas  that  associate 
but  the  olemeDtary  processes  of  which  the  ideas  are  composed;  on 
the  phyidcal  side  the  Ian'  reduces  to  the  law  of  habit  (Titchener). 
Memory  is  an  associative  process;  mental  reactions  (including  per- 
ceptions. idcoSp  emotions)  are  associated  with  thvJr  physical  cotto- 
latives  and  motor  coneequenca-s.  Habit  is  closely  relutetl;  it  iit  the 
functional  disposition  to  repeat  organic  processes.  This  law  of  asso- 
ciation and  liflbit  applies  to  "organic  memory;"  thuj;  "associative 
memory  "  la  fundamental  in,  and  unites,  both  psychical  and  physical 
reactions. 

(2)  hikibitwn.  The  animal  organism  has  n  motor  character. 
All  senealioiis  and  mental  states  are  motor;  the  entire  neuro-uiuscu- 
lar  organism,  mental  and  motor,  acts  primarily  as  a  whole,  governed 
by  the  laws  of  association,  and  this  is  subject  to  control.  "The  phe- 
nomena of  nervous  life  are  the  outcome  of  a  contest  between  what  wq 
may  call  inhiUtor)',  and  exciting  or  uugmcnting  forces"  (Foster). 
]l.  18  conceivable  that  all  nerve-centres  are  normally  at  all  times  oul^ 
jctt  to  continuous  control  or  JDhibition,  and  are  maintained  in  n 
condition  of  mobile  cquilibriuni  by  the  opposition  of  this  inhibition 
to  their  own  inherent  tendency  to  discharge  (Memer).  "Inliibition 
is  an  action  which  obstructs  or  impedes  another  action,  and  which 
weakene  or  arreslH  it  if  it  wuh  already  inaction"  (Oddi).  "Voluntary 
action  is  at  oil  times  the  resultant  of  the  compounding  of  our  impul- 
sion.s  with  our  inhibitions"  (Jameei).  "The  inhibition  of  a  mental 
process  is  always  the  result  of  the  settiug-iu  of  some  other  mental 
profCss"  (McDougall).  It  may  be  said  as  a  physiological  conception 
that  in  hving  substance  there  are  conditions  of  cohesion  and  inertia 
by  virtue  of  the  anabolic  tendency  of  its  physical  and  chemical  ele- 
ments; this  may  bo  called  pht/siolngicnl  iiJUbUion,  and  it  is  the  pri- 
mary factor  in  the  mobile  equiUbriura  conservatively  liolding  the 
balance  against  the  tendency  to  discharge  induced  by  constant 
external  stimulation.  The  psychological  conception  of  the  essential 
physical  fact  is  that  one  neural  process  inhibits  another;  it  may  be 
said  that  ea  a  will-impul»c  implies  a  neural  procGRS  which  may 
tnliibit,  or  excite  and  augment,  some  other  mental  or  neural  process, 
this  may  be  called  volurUary  inhibition.  The  great  importance  of  the 
study  of  inhibition,  which  iii  only  indicated  here,  Ueo  in  its  holding 
an  equal  and  couuterhalanoing  place  in  mental  and  physical  pro- 
cesses. 
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(3)  Energy  0}  muteie  and  ntrve.  TTiiB  refers  to  the  principle  of  the 
storage  and  disoharge  of  energy,  and  the  biologit-al  theory  tbat 
functiocal  tictivity  of  a  Epecialized  tissue  depends  priniahly  upon 
rhemical  change?  in  itn  itidivtdual  cetb.  The  ftindaniental  idea  ia  that 
in  the  restuig  state  the  cell  «luborat«s  highly  compter  compoUDds 
and  tbut  tlicec  break  dovni  to  yield  the  cacrg;)'  by  which  Ibc  cell  docs 
its  work;  di6chai:ge  and  reMoratimi  of  energy  ix  nommon  to  both 
ner\-ous  and  muscutar  elemenie.  Hughlings  Jaeksoa  characterizes 
the  animal  ort^onism  as  "on  uppuratus  for  the  sturaK^  and  expendi- 
ture of  nerve  force."  These  principles  are  of  essential  importance  in 
the  study  of  mental  disorders.  Inasmuch  as  functional  efficienry 
must  be  taken  a&  u  measure  of  the  available  energy,  it  should  be 
espect«d  that  exhausting  influences  would  reduce  fimclionnl  power. 
Such  reductions  chiiractcrixe  all  forms  of  the  functional  pHychoses, 
and  the  variations  of  their  symptoms  are  coualatent  ^ith  thia 
principle. 

(4)  Physiological  uw  and  fatiffue,  —  uastr.  and  re-pair.  The  law  of 
itse  includes  the  wholesome  effects  of  those  just  cited;  normal  use 
devclop«t  functiooal  activity  and  strcng^thens  power,  while  disuM 
weakens  function.  OverUBe  begets  fatigue,  and  normal  fatigue  pre- 
sents mental  as  well  ae  phyMcal  effects.  Fhysiological  jaiiguc  may  bo 
continued  boyoinl  the  point  of  rrguhir  recovery  by  rest  and  nutri- 
tion; it  then  becomeG  the  pathdoijical  fatigue  of  nervous  exliaustion 
or  ncunutlicniu  with  the  characteristic  symptom-groupn.  A  func- 
tional conception  of  the  i«ignificance  of  these  groups  of  mental  and 
physical  cyinproraB  should  etimulato  not  only  such  a  precise  ohsor- 
valjon  of  them  ati  i»  ncndc<l  to  coni^itute  "discsae-fornus"  and 
mature  types,  but  should  lead  to  their  being  analyzed  and  traced  to 
iheir  functional  swurees  in  the  whole  organism  in  accordance  with  the 
principles  of  general  pathology.  ThiB  mcthcjd  re\'eal8  the  genesis  in 
physical  states  of  some  of  the  most  characteristic  mental  manif«Mt«- 
tion.i.  Beginning  with  the  fundamentfti  attribute  of  irritability,  for 
example,  wide  variations  occur  within  normal  limits,  but  more 
striking  and  ngnificant;  changes  appear  in  all  forma  of  pathological 
fatigue,  and  I  he  functional  psychoses;  the  irritable  weakness  and 
languor  of  neuraathenia,  and  the  psyclio-motor  excitations,  rctarda- 
tiotu,  and  "confusions"  of  melancholia  and  mania  arc  examples. 
The  study  of  these  alterHtions  of  irritability  involves  the  whole  pro- 
blem of  reflex-action  and  the  mechanism  of  responses  to  stimulation 
of  both  mental  and  physical  functions.  It  is  to  be  recognized  also 
that  all  of  these  reactions  contribute  to  the  sensorj- returns  from 
the  whole  organism,  —  from  the  \iscera.  muscles,  and  oven  the  sixr- 
cial  senses  including  the  special  dermal  sensationa,  to  the  central 
norvous  syatem,  constituting  the  kinesthetic  and  organic  sensations. 
In  mental  physiology  a  functional  conception  of  these  reactioos 
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leveola  tbar  importance  for  an  understanding  of  tbe  genessis  or 
emotional  ch&ngcs,  and  th«  ultenitJons  of  the  HlTe<;live  ton«  iti 
states  of  persistent  ment&l  depreasion.  The  sense  of  n-ell-being  utiil 
ill-b^ng  depends  upon  these  variatiooB.  Most  important  of  all, 
because  so  coinplclely  neglected  in  psychiatry,  are  the  bluntings 
and  Joeses  of  oi-gaiiiu  sensations  and  the  oonsequcut  efTects  upon 
tbe  feeting-tone  and  ideation;  in  this  regard  attention  Hhould  be 
called,  especially,  to  a  remarkable  fact  well  efttAbhHhed  in  physi- 
ology and  peychology.  It  is  evident  that  the  normal  irritability 
of  nerve  and  muscle  requires  the  maintenance  of  a  certain  chemical 
constitution;  slight  variations  from  tliis,  temporary  or  continuous, 
alter  or  may  destroy  the  irritability.  Further,  it  is  noticeable  in  most 
cases  that  the  firat  step  toward  deterioration  is  a  rise  of  irritability;  ■ 
the  cause  being  Increased  or  continued,  sooner  or  later  exhaustion 
super\'enes,  the  initabiHty  IcBseofl,  and  is  finally  lost.'  These  func- 
tional reductions  of  sensibility,  in  a  vide  range  of  varied  degrees  and 
combinations,  are  constant  symptom-factors  in  psychiatry. 

The  relation  of  mental  physiology  having  an  e»wntial  importance 
for  payohiatiy  there  should  be  a  first  reference  of  aU  mental  symptoms 
to  their  functional  sources  in  the  organism  us  far  as  possible  with 
icspect  to  their  correlation  and  association  with  alterations  of  bodily 
functions.  By  the  genetic  method  study  should  begin  vrith  the 
minor  change!)  from  norma)  action;  these  alterations  »l)Ow  intenai- 
fcations  and  losses  of  function,  and  symptom-groups  are  modified 
by  their  varied  combinations. 
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Mental  PhyiioU^  and  the  Functional  Ptychoses 

The  true  basis  of  a  pathological  physiology  in  psychiatry  is  mental 
physiology  and  its  physical  correlations  of  function;  variations  of 
uervous  and  mental  reactions  in  their  initial  stages  may  be  wholly 
functional.  Approaching  the  subject  newly  from  this  point  of  view 
the  physician  is  iissunicd  to  know  the  modes  of  reaction  of  the 
nervous  and  mental  mechanisms  and  that  part  of  the  work  done  by 
the  nervous  system  leads  to  consciouenees ;  he  should  know  also  tbe 
primary  postulates  of  psychology.  Having  to  study  the  operations  of 
other  minds,  he  needs  to  distinguish,  in  descriptive  terms,  bis  own 
conscious  experiences. 

A  helpful  method  iu  psychiatry  is  to  separate  the  experiences  that 
relate  to  the  outer  world  from  those  that  belong  to  the  inner  life. 
Professor  Sanford  presents  this  idea  in  discussing  the  relation  of 
psychology  and  physics,  to  which  reference  baa  been  made.  He 
describes  the  conscious  experiences  that  may  be  called  physical  phe> 
DOmena:  percepts  or  series  of  percepts  belonging  chieSy  to  tbe  eense- 
'  Am.  T«xt-B0vk  o/  Phy»wlt>jiy,  vol.  u,  p.  61. 


I 


PSYCHIATRY  IN  THE  FUNCTIONAL   PSYCHOSES    293 


» 


fields  of  sight,  hearing,  aod  touch,  including  under  the  latterthe 
kiaest belli-  &«iu>e«  m  u-^ll  as  pressure,  Lent,  and  cold;  lie  epeaku  of 
these  as  the  suiBCe  that  mediate  the  "life  of  relation  "  nith  the  world 
oiitade  our  on-n  bodies,  —  the  "physica)  group  of  eeaxs."  Taste, 
smell,  pain,  the  geuera]  And  organic  eenses  —  uH  having  little  cxte> 
nal  reference  —  are  not  mentioned  at  all  in  phyaJcs,  except  incident- 
ally. The  mclhod  of  psychology  on  the  other  hand,  while  not  essen- 
tially di^erent,  ha«  broader  outlines;  its  pbenomeua  are  various 
eonscioiu  experiences,  including  ull  tliOHo  v,itb  which  physicti  «et» 
out,  but  altio  experienceH  involving  pain,  organic  and  general  s«n- 
ntioiLB,  feelings,  emotions,  memories,  images,  volitionB^  processes  of 
reasoning  —  and  everything  that  Iwlongs  to  such  experience.  Physics 
dealing  nith  outer  experiences  only  practically  works  with  terms 
deri^'cd  cxcluiiivcly  from  the  kineetbctic  and  a  part  of  the  dcrmul 
and  visual  experience  in  ilit  .^piilial  function;  these  are  the  serines 
capable  of  perceiving  matter  in  motion,  and  the  phyaeist  in  using 
tbeir  terms  excludes  reference  to  the  other  senWHi  of  the  physical 
group,  sight,  hearing,  and  touch.  Psychology  deals  with  both  inner 
and  outer  experiences. 

This  general  view  of  mcntaJ  pliysjologj-  has  a  special  value  for 
peychifitry  which  it  is  possible  here  only  to  indicate.  The  conception 
of  a  relation  between  conseious  experiences  and  outer  physcalphe- 
oomeDa  impliee  an  organism,  n-itb  its  special  "physical  group  of 
•UiSM"io  touch  with  the  outer  contacta,  acting  as  a  medium  of  tran»- 
miasion  between  the  two;  this  medium  may  be  conceived  a»  form- 
ifig  also  a  soTnatic  group  of  senses  in  the  paths  of  communication. 
But  this  mechanism  of  transauBsion  does  not  afford,  even  oornmlly, 
open  ways  without  friction  or  obstruction;  to  its  reports  of  contacta 
'witbtheouter"lifeof  relation  "it  adds  the  multitude  of  returns  with 
all  tbeir  variations  from  its  own  physical  working»,  and  for  this 
proceea  the  same  mechanism  of  kbestbetic  and  other  senses,  in  a 
sow  grouping  with  others,  including  the  organic  and  general  sensa- 
tions, ift  uned.  In  abnormal  as  well  as  normal  conditions  the^e  retumn, 
however  imperfect,  stand  for  the  truth  and  the  whole  truth  in  con- 
adoue  experience;  in  health  vio  think  as  little  a&  possible  of  the 
medium  of  transmission,  and  in  all  conditions  of  well-being  or  ill- 
being  we  can  only  describe  our  organic  feelings  in  general  terms.  We 
do  not  recognize  for  the  most  part  the  sources  of  these  sensations, 
yet  they  have  a  controlling  influence  upon  our  minds.  These  con- 
aderations  indicate  three  groupinge  of  the  functioD.s  of  the  sensory 
mecbanisms  of  conscious  c^pencnccs:  (I)  the  phyacal  group  of 
MDsee  of  the  outer  "life  of  relation;"  (2)  the  Bomatic  group  of  senses 
of  the  inner  life  —  our  conscioue  experiences  of  our  o»-n  bodies; 
(3)  the  central  psychical  life,  which  includes  both  of  the  other  groups 
of  conscious  experiences,  beddes  those  belonging  distinctly  to  its 
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menial  aspects.  The  interest  of  this  to  psycliiatrj*  is  Itial  i-oropara- 
tively  little  attention  has  bc«n  pven  to  this  inner  sensory  field  of  the 
soiircw  of  conspioMs  experienccft;  yet.  it  may  be  said,  here  arp  the 
cunditioQs  and  the  ver}'  material  of  bodily  and  mental  stimulationa 
and  stnsationfl  with  wluch  the  mental  work  ie done.  ThesccxplaJning 
principles  have  been  almost  wholly  omitted  from  the  accepted 
formulae  of  the  conceptions  of  modem  advanced  psychiatry  which 
hai^  chiefly  funcemed  itself  with  the  motor  aapovts  of  mvnttil  life  and 
expression.  These  physiological  references  are  needed  to  explain 
many  of  the  symptoms  of  the  psychoses  and  should  ha\*e  their  full 
value  in  the  formijlotion  of  the  principles  of  mental  phyaiolog}'  and 
psychiatry, 

A  functional  conception  of  mental  pathology '  directs  observa- 
tion to  the  first  and  !<inallegt  departures  from  normal  action,  upon 
the  principle  that  all  variations  of  a  pathological  character  arc  sub- 
ject to  the  luw»  of  normal  function  acting  under  aboormal  coadi- 
tione.  The  6tudy  of  the  de^'olopment  of  symptoms  is  equivalent  to 
noting  the  grncsis  and  progross  of  the  conflict  between  the  func- 
tional energies  and  the  abnormal  conditionH.  Symptoms  as  func- 
tional modificationa  are  the  results  in  changes  of  action,  —  oi^anic 
effects  are  the  results  in  chiinges  of  structure;  by  thcg«?netic  method 
the  sequences  of  functional  phenomenii  are  noted;  in  the  functional 
psychoses  there  are  variations  of  functioual  efficiency  manifested 
by  its  reductions  and  recoveries.  The  following  characteriJiMtinn 
in  outline  of  the  psychoaea  is  an  application  of  the  functional  prin- 
ciples referred  to  in  the  foregoing  pages.  For  the  purpose  of  tracing 
the  aeveral  orders  of  symptom-factors  from  llieir  genesis  in  func- 
tional sources  they  can  be  considered  most  simply  under  the  divi- 
sions of  the  mental  elements  —  intellect,  feeling,  and  will,  as  these 
terms  arc  used  in  modem  psycholog>-  for  purposes  of  elasaification. 
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CharaeUrization  of  the  Psychoses  according  to  functional  Principles 

1.  Thk  FuNcnONAi-  PsvCHOSGS.  A  study  of  the  Iniye  group  «f 
cases  of  non-deteriorating  mental  disorder  yields  certain  graeral 
ronclusions  as  to  what  may  leault  to  the  normal  wcll«cndowed 
individual  when  subjected  to  the  effects  of  use,  dipiifse,  overuee,  and 
stress.  Beginning  with  the  least  degrees  of  decline  of  functional 
vigor,  below  normal  fatigue,  there  is  no  point  in  the  declenson  where 
u  line  can  be  drawn  definitely  marking  a  change  from  one  named 

'  Cf.  Bartiir.  b.  P.,  ^Tr1hl^<^»  i>i  Medidnf.  Bftifim  yffd.  A  Hurg.  Jaw.,  Juno. 
190S.  Keferring  to  thn  valun  ol  a  lunctionnl  eonci-plioii  o(  pathulogy,  ll  b  bImj 
nxA  that  "  as  rnediciiu-  ha^  bc^cotiK  mon-  sciiriLtific  t)ic  tniiul  has  rrueA  to  ba 
■ntinficd  with  Ktich  <)«»criptivi.-  cliimification*  lU)  t]ii>  clinical  ejiTniitoms  uid&^n- 
dromcB  mpmu-nt  find  u-ith'rlinicnltypM'wt  up,  and  in  vi-^r  OR  th« *Iert  ta  lepUon 
them  by  cluHilifiitinniiaf  n  dovnlopmcntnl  orgt^nntlcclutrAcUr."  Quoted  from  an 
oddRW  before  the  Milm.  Med.  &oc.  publUhcd  wbile  tha  paper  ww  m  maouscripi. 
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"clinical  type"  to  another,  down  to  the  lowest  dcffrccfi  of  vital  cntrjy 
tod  complete  loss  of  voluntary  function.  Tliroughout  all  ob»er%-a- 
Uons  of  these  changes  the  easeotial  priQCiple  of  variations  of  irrita* 
bility  is  never  to  be  lo(5l  ^ight  of  nor  the  fact  that  the  firirt  otcp  toward 
deterioration  of  function  is  characterized  by  a  rise  of  irritability. 
Another  pervading  principle  ia  that  among  the  multiple  functional 
mechaoisnis  failnro  of  energy  i^  unequal,  and  that  changes  aud  losses 
of  irritability  must  apply  a*  much  to  sciiaory  &s  to  motor  function. 
The  word  "psychoHi^"  can  be  used  mont  prolitabEy  an  correlative 
with  "ueuroais,"  and  as  including  both  its  proper  peychological  and 
pathological  meanings,  leaving  the  different ialion«  of  sanity  and 
insanity  to  be  indicated  by  those  words.  \  basis  of  inquiry,  uit  above 
described,  prepares  the  way  for  the  examination  that  cornea  first  in 
order  of  the  initial  departures  from  mental  integrity,  viz.,  the 
aSections  called  imperative  and  fixed  ideas,  and  Ihe  primary  atsthenio 
coodiliODs  of  neurasthenia  before  the  after-effects  of  chronic  states 
have  *upcr\-ened. 

InaisteTU  and  fized  idfos  refer  to  a  wide  range  of  kindred  caaCB  of 
aSections  that  can  happen  to  sound  minds  in  persons  neither  tem- 
porarily nor  const  it  utioually  neurtwllienic.  The  finKitional  elenienl-s 
are  normal  and  the  affections  may  attain  characteristic  forms  ia 
Dornuil  mindi);  but  this  happens  to  them  more  rt;adi]y  when  there  is 
neurasthenic  reduction  of  inhibitorj'  energy  and  greater  degrees  of 
inteasityand  persistence  occur  in  association  with  constitutional  in- 
Aabiltty.  All  obi<ervant  Banc  persons  estimate  the  purposes  of  others 
by  interpretations  of  their  speech  and  bohavior,  and  thereto  fittingly 
adapt  their  own  conduct  influenced  by  inferences  and  judgments  in 
a  manner  that  would  indicate  "paranoid"  suspicion  under  certain 
circumMances.  Inasmuch  us  this  is  a  universal,  functional,  solf- 
prolectii'e  principle,  liane  persons  have  normally  the  functional 
dtapositioD  to  produce  ideas  of  suepicion  and  perttecution,  but  well' 
balancixl  mindH  control  thought  and  speech.  In  any  puf^chaniti,  how- 
ever, associated  with  aathenic  conditions  there  may  be  "paranoid 
forma"  not  belonging  to  that  psychosis  as  esflential  to  the  symptom- 
complex;  this  nmclton  is  liable  to  become  casually  intcn.tified  or 
further  developed  and  fixed  by  habil.  In  many  cases  not  "psych- 
aathenic,"  nor  physically  neurasthenic,  the  affection  ia  purely  a 
functional  accident;  it  may  involve  all  forms  of  emotional  reactions, 
other  than  "phobias,"  and  many  cases  recover. 

Nmra^hcnia,  in  its  early  conditiunK.  uncomplicated  by  the  effects 
of  habit,  presents  the  .same  elements,  in  nuld  degrees  of  functional 
reduction,  that  characterize  their  greatly  varied  combinatiooR  in  the 
symptom-complexes  of  the  graver  conditions  of  melancholia,  mania, 
and  exhaustion  psychosis  or  confusional  insanity.  These  neuras- 
thenic conditions  may  occur  in  all  persons,  under  sufficient  stress. 
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bul  when  (liere  is  constitutional  weakness  the  powfir  of  reM«tune«  is 
leits.  The  functional  elements  of  the  organism,  all  workinf;  together,  ■ 
constitute  combinationH  of  comniiinity-work  of  extreme  complexity;  \ 
these  elements  being  unequally  reduced  in  efficiency  tli©  "clinical 
types"  arc  very  much  varied.  A  method  of  annlyais  of  symptomfi 
with  the  cndcttvor  to  eatimale  their  functional  valuta  and  their 
rcUtinns  to  their  physiological  sources  will  appear  under  the  foUow- 
ing  topics: 

TA«/unc/iono/p8]/(!/(o*e«  constituting  the  main  group  of  non-deleri- 
orating  affections  pathologically  regarded  as  insanities,  all  have 
a  bjwiM  of  some  kind  or  degree  of  asthenie  reduction  of  functional 
eflioiency:  as  already  indicated,  these  may  include  the  whole  range 
of  degrees  from  simple  cubcs  of  ncrvoun  exhaustion  downward 
through  the  simple  and  pronounced  cases  of  melancholia  and  mania, 
including  all  varieties  of  phases  and  combinations  of  the  symptom- 
elements;  also  including  the  more  actively  induced  exhaustion  M 
psyphoses  and  confuaional  deliria.  Functionally  considered,  it  is  ■ 
proper  to  regard  all  these  cases  as  "functional  psychoses"  until 
proved  to  [he  contrary.  Function  comes  first  as  the  present  criterion; 
organic  change  i«  ft  result.  Cases  carefully  diagnosticated  character- 
istically tend  to  recovery.  The  dejdgnationB,  neurasthenia,  melan- 
cholia, mania,  etc.,  are  eimply  valuable  descripti\'e  terms;  they  arc 
thus  not  correct  names  of  di»ea^s  as  clinical  types  and  we  have  yet 
to  study  broadly  the  genesis  and  development  of  these  conditions. 
By  the  functional  method  we  have  merely  advanced,  as  yet,  little 
beyond  the  general  fact  that  two  clns^ificntionx  may  be  made  of  the 
psyehoses  —  the  non-deteriorating,  and  the  deteriontting-  By  the 
morphological,  clinical-typo  method  there  is  a  singular  lack  of  success 
in  adopting  principles  of  valuation  of  symptoms  by  which  men  of 
good  minds  can  reach  like  conclusions.  We  are  not  yet  ready  to 
determine  species;  this  should  be  aided  by  the  study  of  the  genetic 
character  of  the  symptom-elements.  _ 

Tho  Hgnifieanee  of  the  unifying  characters  of  the  non -deteriorating  | 
range  of  paychoaea  may  be  made  much  clearer  by  grouping  them 
according  to  the  fmictional  sources  of  the  symptoms  and  their  own 
natures.  The  symptom-factors  thus  fall  into  natural  groups,  which 
should  Iw  studied  with  complete  freedom  from  prcconecptiona  of 
"disease-forms."  No  more  is  attempted  here  than  to  harmonize 
these  groups  with  the  elementary  poRtulates  of  psychology,  and  with 
the  general  physiological  facts  heretofore  cited. 

(I)  Feeling.  (The  feelings  and  emotions.)  The  emotional  varift-' 
tioDS  that  are  pathologically  persistent  are  in  close  relation  with  the 
changes  of  bodily  states  which  are  represented  in  the  central  ncr\'ou8 
system  by  the  organic,  kinesthetic,  and  general  aenaations;  the  sum 
of  these  has,  phyaologically,  a  strong  influence  upon  mental  feeling, 
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and  therefore  in  pathological  conditions  the  caioliunul  tone  of  the 
p«j'ehical  sphere  corresponds  with  the  sense  of  personality  by  "states 
of  mental  deprc^ion  "  (molanehnlia)  A^ncinted  n'ilh  malftiac  Aod 
ill'being,  and  "slater  of  iaenL»l  exaltation"  (mania)  with  sense  of 
well-being  and  false  eupboria,  The  complex  aources  of  the  sense 
of  body  have  been  descrit>ed  and  the  ehnnges  of  irritability  due  to 
fatigue  and  other  causes;  the  consequent  variations  of  the  sense  of 
physical  ])lpasure  and  pain  are  closely  cotuiectod  n-ith  (he  rise  and 
decline  of  irritability,  its  intensifications  and  losses,  but  not  with 
rrpwalkl  changes. 

In  the  emotional  state*  of  "neurasthenia"  the  depression  is 
variable;  of  "melancholia,"  pendstent;  in  both  the  feeling-tone 
may  be  combined  in  various  ways  with  the  first  degree  of  functional 
deterioration  of  irritability  marked  by  af^Uition,  restlessness, 
"irritable  weakness"  (psycho-motor  excitation),  or  by  dullness, 
slowness,  languor  (psycho-motor  retardation).  In  nervoua  exhaus- 
tion and  melancholia  the  feeling-tone  is  constantly  influenced  by 
blimtings  and  loflsea  of  organic  sensation,  strikingly  shown  in  the 
Ion  of  the  sense  of  fatigue^  "fatigue-anesthesia,"  and  the  various 
unequally  distributed  conditions  described  in  the  natural  order  of 
decline  as  hypercHthvsin,  hypoesthesin,  paresthesia,  and  anciithcsia; 
also  eue  and  obstruction  of  motor  ex])rHssi()n  have  their  reflex  in- 
fluence upon  the  affective  states  as  in  a  feeling  of  facility,  or  the 
"sense  of  inadequacy"  and  the  "genise  of  effort."  '  Hopele:««iew, 
introepection,  retrospection,  apprehension,  eelf-reproach,  are  logical 
consequences.  All  these  variations  are  persistent  intensifications 
and  diff^vnces  of  the  normal  connections  of  ideas  and  emottnns. 
with  their  correlated  physical  reactions;  the  persistence  of  morbid 
emotional  reactions  indicates  deteriorated  body-states. 

Id  the  emotional  states  of  "  tnaiiia  "  there  iit  the  characteristio  ex- 
altation and  exhilaration;  but  in  many  cases  there  is  depression  of 
feeling  of  the  type  shown  by  anger  in  ite  origin  from  painful  states 
of  irritation,  and  by  distres.'ang  delusions  and  aggressiveness.  These 
two  prominent  types  of  feeling-tone  are  associated  with  corre- 
sponding variations  of  irritability  marked  by  its  rise  from  moderate 
to  high  degrees  of  psycho-motor  excitation,  shown  mentally  in 
"fli^t  of  ideas,"  rorrespiinding  to  the  agitation  and  irritable  weak- 
oeeaee  in  melancholia,  —  sometimes  more  extreme  and  sometimes 
nduced  and  lost.  The  clinical  pictures  in  some  cases  may  indicate 
a  simple  abwnre  of  painful  irritation,  but  they  certainly  show,  char- 
acteristically, the  false  euphoria  of  blunted  sensations,  as  in  alco- 
holic intoxication. 

(2)  InieUecl.   (Sensations  —  perceptions  and  ideas.)  The  "think- 
bg  process,"  as  it  is  rather  vaguely  called,  may  be  definitely  con- 
'  Cf.  Cowlet,  E., 0p.  rif.,  NtwatAmiaandit*  M«ntai Symptom9,\BSl. 
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ceived  to  include  the  ideational  reactions  of  the  etrcam  of  conscious- 
ness, conRtituLed  of  the  aRttociatioii-prooeeaeei  in  combination  with 
the  inhibitory  or  cxcitiug  eontrol  of  the  will  n'orkiBg  through  atten- 
tion and  apperception;  the  emotion&l  factor  cntera  into  the  com-a 
bination  and  modifiea  the  "thinking  proceae"  witli  intenBificaiions 
of  interest  and  motive  inRuencep.  It  is  impowiible  to  describe 
those  function-factore  separately  because  they  all  work  together. 
The  character  of  the  ideas  —  the  sensations  revived  by  tncuiory 
in  the  a^.^ociation-proceKH,  whether  deprpjuied  in  melancholia,  or 
exalted  in  mania,  is  in  harmony  with  the  emotional  tone  as  it  is 
"lowored"  or  "exalted."  The  lime-element  in  the  proeosscs  of  the 
Rtrenm  of  eonscinusneiw  varieet  with  the  rise  in  irritability  and 
especially  with  (he  coincident  reduction  of  inhibition.  This,  in  mania, 
with  the  intenstfication  due  to  irritability,  produces  "flifrht  of  ideas" 
tt-ith  quick  reactionB  and  superficial  assofiationH.  The  tendency  is  to 
increasing  weakness,  reduction  of  cleameBS.  incoherence,  and  final 
arrest  of  mental  fHnctinns  in  confiirion  or  stupor.  With  disordered 
perceptions  there  are  illuBions  and  hsUucinationfi;  delusions  arisft. 
Maniacal  Htatefi  represent  graver  degrees  of  derangement  than 
melancholiA,  and  a  lower  level  of  funotional  reduction,  especially 
of  inhibition.  The  more  profound  conditions  of  acute  exhnugtion 
(rr>nrii!qnna1  insanity,  exhaustion  psychasis)  occur  sharply  by 
themselves  from  strongly  exhausting  influences  and  are  varied  tnsni- 
fcstntions  of  deUrium;  these  may  supervene  in  the  severer  types  of 
both  melancholia  and  mania. 

f3)  Will.  (Inhibition  —  attention  and  apperception.)  In  the 
annse  that  acts  of  the  will  are  such  acts  only  as  cannot  be  inatten- 
tively performed  it  produces  exciting  or  augmenting  effects  in  the 
"thinking  procesa."  or  inhibiting  effects;  working  through  attention 
and  apperception  its  function  of  control  appeant  in  voluntary*  inhibi- 
tion, and  this  has  been  described  in  part  in  connection  with  the  other 
elementary  functions  and  in  the  reference  to  the  physiological  law  of 
inhibition.  Normally  inhibition,  both  physiological  and  voluntary, 
stands  in  mobile  equilibrium  with  the  tendency  of  all  conscious  and 
neural  excitations  to  discharge  into  motor  effects,  open  or  concealed 
within  the  organism.  In  the  incessant  change  and  aucceasion  in  the 
train  of  ideas  in  consciousness  the  attention  holds  the  chosen  or 
attracting  idea  in  the  interplay  of  neural  proccsseii  and  thus  inhibits 
its  tendency  to  pass  away,  other  items  being  held  with  it  in  reason- 
ing, and  apperception  being  a  special  form  of  the  same  controlling 
influence.  Tliis  inhibitory  function  is  n  true  index  of  the  integrity  of 
vital  energy;  it  is  regtilarly  reduced  in  effieieney  with  asthenic 
reduction  of  ihe  nervou-s  forces.  Voluntary  inhibition  is  variably 
reduced  in  neurasthenia,  persistently  in  melaDcboUA,  and  greatly  so 
in  mania  with  loss  in  deUrium. 
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(4)  Orgartie  Senaationt  and  Siatei.  (Geaera)  and  kinesthetic 
sensatioiu.)  Tbe  importani'e  lias  beeii  shown  of  these  function -factors 
of  thu  "Bomatic  group  of  seasea,"  in  respect  to  the  rcprusimuittonit 
they  bring  into  conscious  experienceo  concerning  the  inner  phyajc&l 
life  of  the  body.  In  health  the  sensor}'  and  motor  resctioDB  of  our 
bodies,  nnd  our  con»ciuu»  cxpcrivnctis,  ura  adjusted  to  contacts  with 
the  environment-  within  nonnal  limits;  the  organio  and  kinesthetic 
senses  normally  contribute  to  the  general  welfnre  with  only  sahitary 
interferences,  and  these  being  niotttly  unnuticed  we  habitually  ignore 
tbeir  existence.  It  is  in  disordered  physical  conditions  that  the 
ftbnnrmal  influences  arise  and  interfere  with  and  derange  the  expe- 
riences of  the  meutaJ  life;  they  nre  general  and  vague  in  character, 
but  are  of  essential  mgnifioance,  though  only  described  as  subjective 
experiences.  The  phenomena  of  changes  of  excitabihty  und  loss  of 
fuoctioQ  are  well  known  and  variously  described;  an  ititerference 
with  the  functions  of  any  one  »ystem  will  disturb  the  normal  func- 
tional equilibrium  that  muNt  of  ncreH»ity  exist  in  the  action  of  the 
whole.'  The  principle  of  loualized  variations  of  irritability,  as  in  tbe 
ontroscs,  appbes  to  all  functioning  groups  of  cellular  mechanLtms; 
the  threshold  of  excitation  may  be  raised  or  lowered  in  any  of  the 
■ensory,  motor,  or  centra]  and  psychical  parts  of  the  rcScx  median- 
kms.  Upon  these  changes  may  be  predicated  all  the  phenomena  of 
psycho-sensorj-  and  psycliu-motor  excitation  and  retardation,  con- 
dititmB  that  appear  in  some  kind  or  degree  in  the  whole  nviige  of  the 
functional  psychoses.  These  variations  may  be  ascribed  to  reduc- 
,  tions  of  tbe  nutritionHl  maintenance  of  the  \itsl  energies.  Hyper- 
esthesB  and  hyperkineiiis  are  the  complvincntury  muuifestationa 
that  betoken  fatigue,  or  equivalent  weakness  from  acme  cause,  of  tbe 
phyaolo^cal  inhibitory  energ}-;  this  condition  is  often  amociatcd 
with  uieathcsia  of  the  futigue-sense  in  the  same  case. 

It  should  be  noted  that  the  changes  of  feeling-tone,  of  motility, 
nod  of  control  do  not  run  parallel  to  each  other;  hence  the  differ- 
ences of  the  clinical  pictures  prCHCnted  by  typical  melanchoba 
and  mania,  and  the  so-called  "mixed  cases;"  melancholia  pre- 
sents two  principal  types — emotional  depresfinn  with  excila.tion 
and  retardation;  mania  preoeuts  emotional  exaltation  with  ex- 
cttat)(»i,  and  sometimes  there  are  painful  states  of  contteiousneas 
and  the  acute  reductions  of  function  in  exhaustion  anil  stupor.  There 
are  numerous  phases  in  the  unified  melaucliolia  and  mania  as  con- 
stituting OQO  general  group  of  variations  of  functional  disorders 
presenting  clinical  phenomena  apparently  widely  divergent  as 
"clinical  types,"  but  falling  into  harmonious  relations  when  ex- 
plained consistently  with  their  developmental  and  genetic  ehor- 
aeter. 

'  Cf.  Mott,  F.  W..  The  DegeMralion  o/  the  .VeunMM. 
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2.  Thb  Detkrioratino  Phvchohks.  Iliese  peyehoses  have 
an  impnrtiuit  relation  v^'ith  the  l^uncliomtl  psyckoKs,  which  should 
be  mentioned  here.  They  arc  characterized  by  pcraistcnt  func- 
tional (leteriorBtion  and  tend  to  dementis;  this  is  consistent  with 
the  oppnang  fact  that  the  vital  ener^es  of  the  life-procese  some- 
times appear  to  overcome  in  recovery  the  intcrfercncca  with  their 
oormni  action.  It  has  been  said  that  the  functional  psychoseB  tend 
to  recovery;  yet  the  failure  to  recover  in  some  cases  may  be  con- 
fflstently  referred  to  con!<titiitioQa]  weukuCHs  or  the  loss  of  vigor 
in  old  age.  This  does  not  imply  thai  heredity  is  an  essential  cause 
of  mental  disease;  "neuropatbio"  pereoas  have  less  enduratice 
against  all  adverse  influencea.  Among  the  deteriorating  payehoaet 
the  first  place  is  given  to  a  large  group  called  "dementia  precox;" 
it-s  general  form  is  not  clearly  differentiated,  nor  its  spcrial  divis- 
ions; no  ronin:ioD  basis  ih  implied  in  the  design alj on x  hel>ephrenia 
(mental  weaknees),  katat^nia  (motility  disorders),  paranoid  forms 
(insistent  and  imiwrutivc  conceptionii).  A  angle  (rase  may  ehtuigo 
from  one  "form"  to  another,  and  the  fecngnition  of  some  con- 
etant  characters  is  required  to  unify  alt  the  "forms;"  the  eom- 
mon  fact  of  dementia  is  shown  in  the  deterioration  of  capacity 
that  may  occur  in  any  of  the  functional  mental  elements,  varied 
in  different  eases;  this  implies  structural  changes.  The  character 
of  the  fnilure  ia  revealed  in  the  quiescent  stated  after  the  subsid- 
ence of  active  symptoms.    The  moat  common  fact  is  the  deep-aeuted 

detcriomtion  of  the  emotional  nature;  hence  the  characteriatic 
indifference  and  apathy  which  favors  the  development  of  habit 
automatisms,  etc.  Ouncemlng  tliis  large  group  uf  deteriuruting 
pRychofseR,  regarded  as  above  stated,  and  including  also  the  few 
other  "dieease-forms"  at  present  accepted  as  such,  some  general 
conclutuons  dow  apjwar  with  respect  to  the  funelional  psyehotMn. 
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MtiUal  Physiology  and  Ihe  Functional  Paychosea,  continued 

The  unification  of  the  functional  payehoscs  can  only  be  indi- 
catE^d  here  with  n'spect  to  the  explanations  and  coDclusioas  reached 
during  some  years  of  teaching  the  principle  that  each  of  the  group* 
conveniently  dcdgnated  netu-asthenia,  melajicliolia,  mania,  ete., 
simply  includes  variations  in  combinations  of  different  degrees  of 
functional  disorder  of  the  same  physical  and  meuta)  elemental. 
The  essential  unity  of  melancholia  and  mania  ^-as  recognized  by 
GrieMDgcr  and  others  with  differing  explanation!!;  modem  phjrsi- 
ology  and  psychology  broaden  and  simplify  the  whole  subject 
with  better  explanations  of  general  principles. 

In  recent  psychiatry  there  is  an  evident  tendency  to  the  unifica- 
tion of  lilt!  psychoses. 
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A  isigiiiliciuit  contribution  hu«  been  made  by  Dans; '  in  his  larga 
n«ur«IoRica]  experienre  he  has  seen  much  to  favor  the  idea  that 
mofiti  neurasthenias  are  mental  cases,  or  non>uisane  psychoses; 
ihe  term  phrcnustht^niu  is  used  for  u  special  group  of  Dcurasthcnic 
or  d«^n(.'riiti\'e  pBychoaee  incCudinfc  mainly  those  described  by 
Janet  aa  pnychasthenia;  it  is  said  that  an  innate  constitutional 
weaki)et«!<  unclorHes  all  thu  chief  non-uccidcntal  functionul  insan- 
hitB.  There  ia  much  reason  for  a  simplifying  psychiatrical  con- 
ception, complenirntary  to  Dana's  viev,  that  not  ouiy  most  but 
all  functional  mental  casef  are  f"ubjeft8  of  H.fthcntc  reduction  of 
functional  efficiency  and  are  neurasthenic.  The  tendency  is  not- 
able in  the  nrmiirkahle  studies  of  Janet  in  vrhich  he  rcachce  the 
concluaon  by  poychotogical  analyRia  that  many  of  the  iip])arenily 
diverse  psycho-neuroses  mny  be  unified  under  the  one  principle  of 
psychssl henin ;  thiH  implies  a  g;eneral  and  n])ecial  insufficiency  in  all 
the  phenomena  and  is  at  the  same  time  neurasthenia;  thetw)  afTec- 
tj<m«  represent  repdar  degrees  of  lowering  of  fuactioniil  effieioncy. 

The  genetic  method  leads  to  a  cumprehensivc  view  of  all  the 
psycho-neuroaes.  Considered  biologically  and  phyaiologically  neur- 
wliieniu.  phrpnasthenia,  psychairthenin  and  all  the  functional  psych- 
Mes  are  modificatioDS  of  functional  characlent.  Whether  Iheae 
modifications  were  acquired  newly  by  the  individual  himself,  or 
In*  his  ancestor  and  thereafter  tranfimitted  an  though  they  were 
inherent  variatioos,  the  problem  is  essentially  the  same.  However 
perverted,  dirtorted.  and  anomiiloiis  the  functionni  phenomena 
of  vital  activity  may  be.  they  must  be  traced  back  to  the  first 
interferences  with  the  physiological  elements  to  find  their  explana- 
tions in  their  genesis.  We  may  assume  that  all  normal  adult  indi- 
viduals are  subject  to  certain  acquirable  functional  modifications 
—  nutnemiis  and  complex,  thus  forming  the  symptom-groups 
C-ollvd  neura.ilhenia,  melancholia,  and  mania,  for  example;  all  ab- 
normal persons  arc  subject  not  only  to  the  same  changes,  but  to 
toiDething  more  and  something  different,  and  these  additions  may 
1)0  rimply  special  variationB  of  intensity,  or  degrees  of  impairment, 
or  ai  difference*?  pointing  to  other  than  functionul  explanations. 
A  general  principle  in  mental  pathology  may  be  derived  from  these 
coDBderslione.  Whatever  the  form  of  a  deteriorating  psychosits, 
it  ba«  its  own  piitholngical  cliaractere;  but  superimposed  upon 
these  lymptoni-faelora,  and  relatively  superfioiaJ.  neurasthenic 
manifestations  commonly  appear,  and  there  may  be  episodes,  more 
or  less  transitory,  of  manifestations  of  the  functional  psychoses. 
This  occur*  notably  in  the  early  stages  of  dementia  precox  and 
manifests  the  practical  concurrence  of  tvo  diseuea,  vis.,  the  per- 

'  Dana,  C.  L.,  The  Partial  Pmsirtg  oj  Nertrasthenin,  Botlon  Med.  and  Surg. 
Jour.,  vol.  CL,  11)01. 
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man«nt  dctvriomting  p^ychoss  nnd  the  transitory  phases  (melan- 
cholic, maniacal,  and  paronuid)  at  the  fuiictionat  psychosis.  This 
principle  accounts  sleo  for  the  fact  of  tliere  being  maniacu)  a» 
well  OS  melancholic  types,  and  the  "paranoid  conditionB,"  in  the 
"involutiun  psychoses;"  this  priueiple  is  already  w-elt  recognlMd 
ill  respect  to  the  ncuriLSthemc,  cieUncholic,  and  maniucal  modes  uf 
onset  of  parens;  and  to  the  same  types  of  functional  disorder,  and 
tendency  to  obses^ug  suspicious  and  delii^onal  ideas,  iti  senile  insan- 
ity in  which  active  symptonu  may  meaeumbly  or  wholly  disappear. 
All  the  paychoeea  called  functional  for  purposes  of  claaaification . 
and  being  nearest,  to  normal,  constitute  the  main  division  of  the 
pGvchoxcs  (cf-insidered  as  mental  disorders);  all  the  psychoses 
railed  deteriorating,  and  being  exceptions  to  the  others,  constitute 
the  minor  division.  In  these  the  fart  that  in  some  particulars  th* 
reductions  of  functional  efficiency  remain  permanently  deterior- 
ating constitutes  dementia,  which  implies  some  form  of  structural 
change,  though  none  strictly  characteristic  han  yet  lieen  found. 
The  pathological  principle  here  suggested  leadu  to  a  practical  method 
of  analyus  of  the  symptom-factors  of  all  possible  forms  of  dctcri- 
iiratinK  psynhoses.  The  first  step  ia  the  diKtinction  of  the  purely 
functional  modifications  referable  to  physiological  aources;  tfaeae 
relate  to  variations  of  the  fundamental  irritability  as  explanatory 
of  I'hfluRes  of  motility  and  of  the  scnaibihlies  and  emotional  tone, 
all  lieing  comprehended  broadly  in  relation  with  the  "eomatic 
group  of  aenses;"  closely  kindred  with  these  are  the  reductiona 
of  function  of  the  processes  of  association,  memory,  attention, 
inhibition,  etc.  lioldinf;  apart  tbeae  phenomena  of  the  main  di- 
vision of  psychoses  as  being  included  in  the  functional  conception 
of  their  pathology,  and  as  explainable  through  their  genetic  and 
developmental  character,  ther«  remain,  of  the  symptom-fucton) 
of  a  deteriorating  psychosis,  those  that  point  to  the  causes  of  the 
gpeoial  deleriorntinn.  This  helps  to  define  the  problem  of  research 
for  anatomical  e-xplanatiuns.  Jt  HhouLd  nut  escape  observation 
that  when  there  la  "innate  constitutional  weakness"  in  eases  be- 
longing to  the  main  group  of  functional  pByehoses,  special  modi- 
fications may  be  noted  m  the  symptom-factors,  cepeclully  of  the 
attention  and  inhibition  clement  whose  reduction  is  the  most  con- 
stant and  characteristic  fact  of  constitutional  insiiffineney.  It  is 
in  these  conditions  that  the  law  of  habit  has  Us  most  potent  and 
perpetuating  influence.  The  functional  psychoses,  including  those 
answering  to  the  definition  of  "a  typical  form  of  insanity,"  present 
some  point-s  of  special  interest  when  analyzed  in  accordance  with  the 
method  and  principles  examined  in  the  foregoing  pagos.  Refer- 
ence lias  been  made  to  OriewinKer's  descriptive  definitions  of  melan- 
cholia as  "statcH  of  mental  depression"  and  mania  aa  "states  of 
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mental  ex&ltation."  Durinf;  more  thua  lialf  u  ceotury  them  de* 
signatioDB  hav«  held  their  places  in  psychiatry:  the  search  for 
mort  satisfactory  statements  has  not  been  iiltoj^elher  siiccettsful. 
Tlie  difference  of  the  emotional  toue  is  the  criterion,  but  it  is  not 
a  wholly  true  one.  The  deprcaaon  in  moliwieholia  ie  consiatent  be- 
cause the  "sooiatic  ^vn^cx"  retain  enough  of  normal  function  to 
report  truly  to  conecioumieAS  the  fact  of  ill-being  of  the  body;  but 
Id  mania  the  exaltatioo  is  cot  cooBtont,  the  physical  correlatives 
of  the  feeling-toiic  are  more  diBordered  by  reductions  and  loBses 
yieldinR  more  irritating  excitationa  and  in  many  ca6es  a  fictitious 
aeiise  of  weM-bei«g.  But  the  "somatic  senses"  produce  other 
equally  important  symptom-factors  in  the  changes  of  motility: 
in  melancholia  with  inifMiired  inhibition  there  are  both  psycho- 
sensory and  motor  excitations  and  retardations,  —  in  mania, 
with  graver  changes  and  losses  of  inhibition,  motility  is  more  dis^ 
ordered.  The  word  liictuochuliu,  by  long  usojKIO  and  observation 
of  the  facts,  really  standa  correctly  in  the  reoognilion  of  its  mean- 
ing all  of  its  well-known  symptom-factors  other  thftn  emotional 
depression;  the  word  inaniii,  meaning  madness,  atiuids  equally 
vrell  for  both  its  emotional  variations  and  its  motor  excitement. 
Id  mania  there  is  graver  derangement  of  the  "thinking  process" 
and  its  "states"  are  at  a  lower  level  of  reduction  than  melancholia. 
These  rrforenct's  though  nit'ager  serve  to  show  that  the  terms  rtiel- 
anchoUa  and  mania  are  well  understood  us  including  a  great  variety 
of  statee  of  vatied  combinations  and  proportions  of  their  symp- 
tom-factors; besides  the  many  typical  oases  of  each  group  there 
are  found  to  Iw  very  many  "mixed  caaes."  There  are  many  phases, 
and  a  two-phase  conception  to  represent  the  original  groups  of 
"states"  does  not  hold  good;  for  example,  taking  out  the  emo- 
tional depression  from  one  group,  and  the  motor  excitation  from 
the  other,  in  order  to  de»gnate  the  distinction  of  the  phases  and 
to  obarocterixe  (he  compound  "disease-form,"  leads  to  the  exclu- 
sion from  it  of  the  very  cgsentia)  psycho-motor  excitation  often 
aasociutcd  with  the  dcpre»Rifin  in  tho  former  grtmp,  and  to  over- 
looking the  significance  of  the  emotional  changes  in  the  latter.  An 
adeqtiRte  study  of  the  "somatic  group  of  senses."  as  suggested  here, 
should  help  to  clarify  the  whole  matter.  Compound  desiKnatious 
for  the  unified  symptom-gmupB  yet  suggested  do  not  satisfy  the 
requirements  so  well  ns  their  rample  combination  in  "melancholia 
—  mania,"  The  psychoaea  cannot  be  limited  to  the  insanities; 
we  mtist  speak  of  the  "non-insane  peychoaes,"  and  in  psychology 
the  word  refers  to  normal  function.  It  might  be  said  that  the  first 
step  in  the  classilication  of  mental  diseases  discovers  two  great 
divitdons:  functional  insanity  and  deteriorating  insanity. 
This  discussion  of  the  thesis  that  the  problem  of  pBychiatry  is 
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in  the  functional  psychoses,  required  first  an  examinalioa  of  the 
tonus  nod  conditions  of  the  problem.  This  necessitated  nn  inquiry 
ronccmitiR  (^enain  principles  and  coticiusion»  of  the  biological  and 
medical  sciences  that  have  had  h  controlling  influence  in  psychiu- 
tTy.  Mnrphnltigical  concftptiuns  l>eing  dnrninimt  ia  medicine,  it 
waa  found  also  tliat  a  tiuniber  of  terms  and  phrases  are  so  com- 
monly employed  in  mwiicine  thut  thoir  use  ha.^  been  compelled 
in  psychiatry,  ullhuu^h  they  embody  conceptinns  and  theories 
inconsiateiil  with  its  dependence  upon  functional  conceptions  of 
nienlul  pnthulof^y.  The  inquiry  having  led  to  the  conclusion  thnt 
the  phyHology  of  the  life-process  is  the  fiwi  renuurse  for  psyehiatry. 
in  the  search  for  expluiiung  principles  it  becomes  neccesory  to  be 
emiinci pnted  from  all  preconception!*.  The  functionnl  conceptions, 
being  framed,  and  applied  eonsi8l<?ntly  with  Ihe  facts  of  phyeio- 
logj-  and  psychology,  lead  to  a  rorognition  nf  the  developmental 
and  genetic  character  nf  the  functional  nioditlcationt*,  and  indicate 
th^r  sources  iu  phyBiological  facts.  A  clearer  Idea  ig  gained  of  Ilie 
relation  of  conscious  cx]>cncnrce  to  hody  etutc».  and  of  the  influ- 
ence of  the  "somatic  group  of  senses"  in  the  relations  of  the  con- 
ditions of  the  whole  organism  to  the  mental  stntea.  The  depend- 
ence of  ull  functional  phenomena  upon  the  pniresscs  uf  nutrition 
and  metabolism  for  the  maintenance  of  the  nervous  and  mental 
mechanisms  points  to  the  fundamental  importance  of  pathological 
phyaology  and  chemistry.  Physiological  and  psychological  ex- 
periment in  the  immediate  clinical  examination  of  functional  modi- 
fications shown  in  symptoms  helps  to  determine  the  physiological 
sources  of  the  contributing  disorders  in  the  whole  hody  as  well  aa 
the  cent  rwl  nervoujt  syirtem. 

The  psychiatrifit  inclined  to  inquiry  finds,  in  the  pursuanre  of 
his  practical  work,  that  aa  a  physician  he  mUHt  treat  the  whole 
body,  and  that  a  functional  conception  of  montnl  diseases  leads  to 
treatment.  Psj-chiatry  belongs  to  general  medicine  and  mental 
diseafld  like  bodily  disease  is  not  an  entity  nor  an  agency,  but  the 
result  of  normal  function  acting  under  abnormal  conditions;  the 
problem  retjuires  the  investigation  of  the  developmental  and  genetic 
chttfucter  of  functional  mudiGcations. 
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of  Sttrytry:  eootilbutor  to  American  toxt-book  of  surgery. | 

The  first  word  of  the  epeaker  on  this  occasion  must  be  a  p^smiBl 
one  of  iTspeclfiil  acknowledgment.  To  be  iD%nt«d  by  the  adminis- 
trative board  to  di^iiver  kd  address  upon  any  theme  before  this 
august  Congrosa,  coinpotscd  as  it  is  of  many  uf  the  world's  most 
dlstiiigiiiRhed  men  of  science,  is  a  distinction  which  any  one  might 
justly  prizp.  But  to  be  chosen  as  the  omtor  upon  a  topic  so  impurt- 
ant,  fur-rcachinf;,  and  comprchenaivc:  as  the  bJHtory  and  develop- 
ment of  surgery  during  the  past  century  is  an  honor  no  exalted 
that  while  it  pleasintly  gjatifiee,  it  alfw  most  perifiusly  appfllls. 

Permit  rae  at  the  outset  to  record  my  profound  and  grateful  ap- 
preciation, of  the  high  honor  thus  conferred,  and  at  the  same  time 
to  exprcra  the  hesitAtinn  which  I  feel  in  attempting  to  handle  no 
p«at  a  theme  witliin  the  oeceesary  limitatioDs  of  llie  hour.  It  is 
obvious  that  the  tu^k  is  as  fascinating  as  it  is  difficult,  It  is  under- 
taken at  the  eametit  solicitation  of  friends  who  have  much  stronjcifir 
confidence  than  the  speaker  in  his  ability  to  narrate  ia  a  fitting 
«'ay  the  triumphs  of  our  great  science. 

To  weifih  the  gurRical  ewnta  of  a  hundred  years  api,  and  the 
motives  which  gave  rise  to  them,  requires  us  to  eummon  to  our 
thought,  as  f or  a«  possible  all  the  circumstances  of  that  period. 
Only  when  thie  retrospect  is  made,  and  the  meager  reaulta  then 
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att&ined  by  surgery,  are  compai'ed  with  its  notable  achievements 
ia  the  present  day,  can  tlic  idea  be  fully  grasped  of  how  great,  how 
wondvrfu),  how  grand,  hmi  bt»>ii  the  [irogrciss  during  the  past  oea* 
tury.  The  sdv&nces  which  have  been  made  in  every  department 
of  humiin  activity,  the  victories  gained  in  every  field,  the  innumer- 
able iaventioDs,  the  marvelous  diacoverieM,  the  dariug  exploits  car- 
ried forward  to  successful  completion,  the  magnificent  rcsulli! 
secured  along  all  scientific  lines,  are  all  dtitcuH^ed  and  celebrated 
in  the  meeting  of  this  Inleniational  Congress.  But  while  the  other 
sciences  have  indeed  thrilling  storioi  to  relate,  and  can  point  with 
just  pride  to  excellent  deeds  performed,  the  science  of  surgery 
etands  out  in  bold  relief  and  conepicuotia  grandeur.  npaH  from 
and  above  the  others,  in  that  it  de»lii  directly  with  human  life, 
that  most  precious  of  mortal  pussessions,  often  lending  to  it  not 
only  a  helping  but  a  saving  hand.  At  the  same  time  its  fitor>'  is 
80  wniple  and  yet  so  grand  that  the  child  and  savant  may  alike 
participate  in  the  pleasure  which  the  wonderful  narrative  is  fitted 
to  convey. 

Surgery  as  a  science  made  no  profound  impression  upon  the 
world  until  about  a  century  ago.  But  from  that  time  to  the  present 
the  almuHt  miraculous  works  which  it  haswTought,  increiuringly  mar- 
velous with  every  passing  year,  have  aroused  astonishment  and 
sdmiration  in  every  quarter  of  the  globe. 

tn  order  to  appreciate  what  surgery  has  accomplished,  it  is  neces- 
sary to  refer  briefly  to  its  status  prior  to  1800.  A  little  over  a  cen- 
tury ago  s^urgery  as  a  science  bad  no  e.Yi8tence.  It  had  no  definite 
or  dignified  position.  It  received  no  aid  or  support  from  reigning 
monarch^  or  kinpis.  It  was  in  the  hands  of  charlatans  and  (|uaokic 
and  barbers,  and  it  «*as  practiced  with  some  few  exceptions  by 
uneducated  and  irresponsible  men,  It  was  only  in  1800  that  surgery 
was  divorced  from  the  traditions  of  the  past  and  was  given  a  place 
among  the  sciences.  It  was  in  180(1  that  the  Royal  College  of  Sur- 
geons obtained  its  charter  from  Parliament,  which  had  refused 
over  and  over  again  to  grant  it.  So  bitter  wns  tbc  opposition  to 
granting  a  charter  to  the  "Company  of  Surgeons"  that  Lord  Thur- 
low  is  said  to  have  pmclaimed  in  the  House  of  Lords  that  "there 
is  no  more  science  in  surgery  than  in  butchering."  It  was  only  by 
an  appeal  to  King  George  the  Third  that  this  charter  was  finally 
obtained.  In  marked  contrast  to  1hi.s  attitude  of  Parliament  was 
the  .wene  enacted  at  the  Centenary  of  the  College  of  Surgeons,  a 
few  years  ago.  Here  were  aescmbled  the  foremost  statesmen  of 
England,  and  the  leading  scientists  of  the  world,  to  do  honor  to 
the  occasion.  Tlie  King  himself  joined  in  the  banquet  as  an  honor- 
ary member  of  the  Guild.  During  all  these  centuries  prior  to 
1800,  as  has  already  been  stated,  surger}-  had  no  establiiihed  place 
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among  the  sciences.    Medicine,  on  the  other  hand,  had  a  well-de- 

finiKl  iind  honorHhte  «t»tiu.     It  r»c(.>ived  abundimt  help  iind  liberal 

eupport  (rom  kingw  and  ruler?.    ThU8  it  Incomes  evident  how  bitter 

the  struggle  huA  been  Tor  surgery  to  establish  its  claim  t«  honorable 

U)d    digniHed  recognition,     Thus   it    beicomcs  «pparetii    that  the 

diflieulties  to  bo  overcome  to  establish  that  recognilion  were  thea 

insurmountable.    This  is  not   to    be  wondered  at  when  pain  in 

surreal  operations,  inability   to  control   hcmorrha^,  and  preveii- 

tiOD  of  blood-poisoning,  were  the  obstacles  to  the  successful  practiee 

of  the  art.    Thcac  crils  n^ttirdcd  the  growth  of  surgery.    Their 

removal  since  ISOO,  and  chiefly  during  the  past  quarter  of  a  centiuy, 

has  cleared  the  way  for  the  achievements  of  the  presoat  day.    ^YoIQ 

Hippocrates,  who  wua  bom  46t)  b,  c,  to  IfiOO  a.  d.,  surgery  made 

little  advance.    It  was  practiced  by  illiterate  men,  with  here  and 

there  a  masterful  mind  groping  in  the  darit  for  light.    There  were 

two  great  discoveries  prior  to  1800  that  had  an  influence  on  the 

progress  of  surgery   after  that   time,  and   without   which  surgery 

could  never  ha\"e  become  a  recognized  science,    The  first  discovery 

refers  to  the  circulation  of  the  blood,  which  was  made  by  Harvey 

in  1628,  and  the  further  discovery  of  the  capillary  system  by  Mnl- 

pighi  in  1661.    The  fearful  dread  iif  hemorrhage  from  an  unknonn 

KHircc  pfe\xnted  any  openilions  except  those  of  dire  uec&ssty, 

which    were    generally    performed    through    dead    and    gangrenoua 

tissue.    The  second  discovery  refers  to  inflammation,  the  healing 

of  wounds  by  blood-nlot,  and  the  ligation  of  the  vessels  in  their 

cootinuity,  by  John   Hunter,  who  was  bom  In   1728.     These  two 

great  discoveries  prior  to  J800.  like  the  two  great  discoveries  after 

1800.   viz.,  ant^hesia  and  antiseptics,  have  enabled  surgery  to 

eatnblish  its  juet  claim  to  recognition  among  the  sciences.     These 

four  great  dieeoveries,  the  circulation  of  the  blood,  the  repair  of 

woumb,   anettthena,  and   anliw^ptici,  are  the  four  comer-stones 

upon  which  a  euperstructure  has  been  erected  that  has  become 

a  veritable  lcmi»le  of  «cienci>,  the  dimen^ons  of  which  eclipse  in 

grandeur  all  other  tettiple«. 

The  progress  has  been  greater  during  the  past  century  than  in  all 
the  preceding  centuries  !»nre  the  beginning  of  the  world.  This  pro- 
gress which  surgery  has  made  is  due,  in  great  part,  to  the  dissemina- 
tion of  medical  titcraturo,  to  the  formation  of  medical  libraries,  to 
the  organisation  of  modem  hospital^),  to  the  equipment  of  itcientifie 
laboratories,  to  the  foundation  of  medical  schools,  to  the  estab* 
lishmcnt  of  medical  uiuecumsr  to  the  organisation  of  1  mining-school e 
for  nurses,  and,  finslly,  to  the  two  transcendent  di,ipoverie8  — 
anesthesia  and  antiseptics.  That  medical  literature  has  had  much 
to  do  with  tlie  advance  of  surgery  during  the  paat  ccntur>'  Is  evi- 
dent when  it  is  shon*n  that  at  the  beginning  of  the  Kevolutionary 
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War  there  was  only  one  medical  book,  throe  reprints,  and  about 
20  pamphlets  by  American  authors,  while  ti>-day  there  is  on  the 
&%-croge  one  new  book  for  each  working  day  in  the  year,  300  jour- 
na]a,  and  5000  originnl  joumul  urtJrlc^.  Aiiierican  u-ritera  are  pub- 
lii^hing  annually  iit  leuKt  5iH)  mbdical  v(i]urii(>ii,  to  say  nothing  of 
Lhc  issuance  of  nearly  10,000  journal  articles  each  year.  In  the 
depurtmcnt  of  surgery  iilont;.  during  the  two  years  of  1S79-1880, 
there  were  written  in  America  no  lesH  than  45  RurgicBl  bonks  of  im- 
portance ajid  value,  together  with  1717  journal  articles  besiiie, 
and  from  this  record  of  nearly  a  quarter  of  u  century  ago  mme 
idea  can  be  gained  of  what  uurgical  titeraturo  has  accomplished 
at  the  present  lime. 

That  the  fountlatinn  of  medical  libraries  lias  had  much  to  do 
with  the  progress  of  surgery  becomes  niaiiifegt  when  it  is  con- 
sidered that  A  hundred  years  ago  there  wert:  in  thin  country  only 
about  '2t)()  medical  volumes,  all  told,  while  to-day  ihere  are  nearly 
IGO.OOO  volumes  in  the  librariog  of  medical  colleges  alone,  to  say 
nothing  of  the  large  and  general  medical  UbrariCK  throughout  the 
country,  without  mentioning  the  thouitands  and  thousanda  of  vol- 
umes iu  the  medical  hbraries  in  Kurope. 

That  modem  hoepicals  have  had  much  lu  da  with  the  advance 
of  eurgery  iB  apparent  when  it  is  remembered  that  there  were 
scarcely  any  hospitals  a  hundred  years  ago,  while  to-day  they 
crowd  nearly  every  city  and  town.  This  atatemenl  ia  emphaeijted 
by  the  fact  that  in  New  York  and  in  Pliiladclphia  there  arc  four 
free  beds  to  every  1000  of  their  respective  populations;  and  by 
the  further  fact  that  any  Ameiicaa  city  without  adequate  hospital 
HccominodiitiunH  \»  looked  upon  a»  in  disgrtice  and  behind  the  age; 
and.  further,  that  the  433  hospitals  in  this  country  which  tnain- 
tain  training-schools  for  nuraes  exceed  in  value  873,000,000.  and 
tbeir  endowments  exceed  tl8, 000,000.  These  figures  r<^present 
less  than  a  fourth  of  hospital  wealth,  since  many  of  the  hospitals 
maintain  no  train ing-schools. 

Thai  the  establishment  of  scientific  laboratories  has  been  a  potent 
factor  in  surgical  progress  is  proved  by  the  fact  that  millions  of 
dollars  have  been  recently  devoted  to  this  purpose,  and  the  work 
performed  in  these  laboratories  has  had  a  tremendous  influence 
upon  the  worid.  To  Andrew  Carnegie  ia  due  the  credit  of  build- 
ing the  first  purely  scientific  laboratory  for  medical  and  surgical 
research  in  this  country;  and  from  his  example  other  like  labora- 
tories have  been  established  in  the  land,  until  now  America  eclipses 
the  world  in  the  wealth  and  magnificence  of  its  scientific  institu- 
tions.  The  Lidxjratory  of  Hygiene  in  Philadelphia  and  the  Caro- 
line Brewer  Croft  Fund  for  the  study  of  cancer  at  Harvard  Uni- 
versity  are  worthy  of  mention.    Many  well-equipped  laboratories 
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liave  been  built  in  connection  vith  large  universities;  while  the 
magnificent  gift  of  th«  Roclcefcller  Institute  for  Origiiial  Research 
affords  another  example  of  the  influence  which  tlicso  establish- 
ment-B  exercise  in  the  de\'elopment  of  medicine  ftnd  surgery.  In 
the  Camegie  Institute  there  is  a  fuiiU  yielding  over  $300,000  per 
}'eaj  to  be  espeaded  on  its  work.  In  a  conservaiivo  L-stimat*  the 
property  in^'cstment  in  all  kinds  of  medicnl  iDstltutioss,  such  as 
hospitals,  [nboratories,  medical  colleges,  beaJtb  departmect  bureaus, 
training-schooU  for  nurse»,  etc.,  is  three  or  four  hundred  niilUoua 
of  dollars,  not  to  mention  the  endowment  funds. 

"niat  tlie  fouiidatiou  of  medical  kIiooIs  itRs  had  a  great  influ- 
ence in  the  liJBtorj-  and  development  of  mirftery  becomes  apparent 
when  it  is  considered  that  about  a  hundred  years  ago  there  were 
only  200  medicrd  men  in  practice  in  thia  country,  while  to-day 
there  are  over  100,000  workers  in  the  field.  A  century  ago  our  own 
country  could  boaat  of  only  two  small  medical  flohools.  while  now 
there  are  154  medical  schools,  afTording  infrtruction  to  26,821 
Btudenta  annually,  many  of  whom  will  work  in  the  rhonen  field  o£ 
wrgerj-;  and  nearly  all  of  these  medical  sehoolB  are  an  integral 
part  of  some  great  university;  $4IS,000,<H)G  scareely  represents  the 
value  of  the  property  beloagiog  to  tnedical  schools,  and  tS,000,000 
ib^r  endon-inent. 

The  recent  munificent  gift  by  Colonel  Payne  to  Cornell  I'ni- 
versity  for  the  eetabliahment  of  a  medical  department  in  New  York 
CSty  markft  a  most  important  epoch  in  the  education  of  the  phy- 
sician and  tureeon  in  the  country.  It  is  a  fart  worthy  of  honorable 
mention  that  the  wealthy  men  of  the  preeent  century  have  con- 
lribul«d  most  liberally  to  the  science  of  medicine,  as  is  obvious 
from  a  re\'iew  of  the  recent  different  gifts  and  endowments  amount- 
ing to  niuny  millious,  especially  during  the  past  few  yetin. 

That  (he  estahlinhment  of  t raining-scliools  for  nursea  has  had 
much  to  do  with  the  progress  of  surgery  is  obvious  when  it  is  con- 
sidered that  about  a  quarter  of  a  century-  ago  there  was  not  an 
American  trained  nurse,  if  any,  in  the  United  States.  To-day  there 
are  about  11,000  pupils,  and  nearly  20.000  graduates.  The  inaugurs- 
tion  of  the  first  training-echool  for  nurses  in  the  United  8t&t«s 
at  Bellevue  Hospital  in  1873  marks  an  important  epoch  in  the 
history  of  modem  sui^ery  in  this  country.  From  the  initial  school 
at  Bellevue  others  have  been  established  throughout  the  countrj-, 
and  now  every  important  hospital  in  the  land  has  ft  competent  corps 
of  trained  nurses  as  an  essential  feature  of  the  modem  hospital. 
The  far-reaching  and  widespread  intitiencc  of  the  Bellevue  traintng- 
school,  which  wa«  the  first  in  this  country  to  grant  a  diploma,  can- 
not be  over-eHtimaled,  as  it  relates  to  the  improvement  in  the  rare 
of  the  sick,  to  the  establishment  of  other  trsining-srhools,  and  to 
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tlie  opportunity  offered  to  make  possible  the  practice  of  surgery 
of  the  present  century.  The  valuable  services  of  Mrs.  W.  H.  Osbum 
for  nearly  thirty  consecutive  years  and  the  untiring  labors  of  Mrs. 
W.  P.  Griflin,  who  haa  been  its  fiiithful  president  for  nearly  twenty- 
one  years,  entitles  them  to  a  bigh  plucc  of  hunor  in  tho  cstimution 
■  of  the  medical  profession.  The  progress  of  surgery  in  lliis  country 
has  been  largely  influenced  by  the  help  and  old  H'liich  this  dcpsrt- 
mt'nt  of  jihitiinthropy  has  offcR*d  to  aufferinK  liumanity. 

It  is  indeed  a  truth  that  without  the  Bellevue  Training-School 
for  Nurses,  and  tlie  influences  which  have  sprung  from  it,  the  sur- 
Itery  of  thi'  prew^iit  century  iind  notwbly  of  the  hisit  quarter  of  a 
centurj-  in  America  would  not  have  been  possible.  The  lady  mana- 
gers of  the  noble  charity  can  feel  n  just  pride  in  the  silent  and  bene- 
ficent work  which  they  have  accomplished  on  behalf  of  suffering 
nuLnkind,  and  can  feel,  moreover,  that  they  have  partioipattxl  in 
the  Kreat  work  that  marks  a  milestone  in  tlic  progress  of  surf[ii>al 
Bcience  in  t  he  United  States. 

That  medical  museums  have  exerted  an  important  influence  is 
apparent  fnim  the  fact  that  a  century  ago  there  were  none  in  the 
land,  while  now  there  are  many.  Not  a  few  of  these  are  admirably 
equipped  and  appointed.  They  contain  over  200,000  gross  speci- 
mens. For  their  maintenance  nearly  1200,000  is  expended  annually, 
or  one  dollar  each  for  the  presentation  of  each  epecimen. 

The  history  of  surgery  during  the  pa»t  century  furnishes  one  of 
the  most  remarkable  chapters  in  human  afTairs.  It  is  obvious  that 
life  is  the  most  important  factor  and  element  in  tho  historj-  of  the 
race.  Without  hfe,  of  what  avail  is  all  else  in  the  world?  Surgery 
has  to  do  -with  the  saving  of  human  life,  and  as  such  is  the  grandest 
and  noblest  of  the  sciences,  and  the  m,ost  beneficent  to  mankind. 
A  study  of  its  de\'elopmerit  biiugs  us  face  to  face  with  the  most 
startling  and  mirarulous  discoveries  which  have  had  an  influence 
upon  the  health,  tlic  happiness,  and  the  mortality  of  the  race. 

It  is  only  noceHsary  to  remember  that  a  Uttlc  over  a.  hundred 
years  ago  there  were  scenes  enacted  in  the  name  of  surgery  which 
eclipsed  iu  horror  the  frightful  cruelty  of  the  Spanish  Inquisition, 
the  Untold  miseries  of  the  Bastilc,  the  indescribublc  sufferings  of 
the  Black  Hole  of  Calcutta,  the  excniciating  pains  of  the  Turkisli 
bastinado,  and  the  cruel  massacre  of  the  Huguenots.  One  shuddem 
at  the  horrible  cruelties  which  wt'rc  pcrpctratod  on  withering  mor- 
tals in  the  name  of  surgery.  The  reconls  of  suffering  which  have 
come  down  to  us  through  the  years  of  the  century  have  no  coun- 
terpart in  the  various  experiences  of  modem  life.  Patients  were 
held  down  upon  the  operating-table  by  bnrte  force  and  were  operated 
upon  while  in  tho  full  posseasjon  of  their  senses;  they  wore  heard 
to  shriek  and  to  ci^*  out  in  heartrending  screams  for  a  discoiitinua- 
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tJoQ  of  their  tortures;  they  were  incised  with  red-hot  knives,  and 
the;  were  conipellcd  to  haw  tlioir  woundis  dipped  in  tt  caldron  uf 
XMChing  tar  to  control  hemorrhage. 

Through  God's  infinite  mercy  in  the  progress  of  the  century, 
all  tliis  ia  now  cliiuigKl.  The  patient  falls  asleep  without  a  struggle; 
and  wboD  ho  avvukcus  to  consdousnees  the  operation  ia  finished. 
Tbc  convalescence  ia  fever-free  and  painless;  the  mortality  ia 
reduced  almost  to  lero  in  many  cAse:^,  and  the  operation  itself 
lobbed  <rf  all  its  horrors.  The  evolution  which  surgery  has  made 
U}  effect  such  a  wonderful  change  is  one  of  the  most  faarinating 
studies  in  the  world's  history. 

To  dwell  upon  this  in  orderly  manner  is  the  purpose  of  the  present 
diseourae.  In  order  to  simplify  as  much  as  posablo  the  compre- 
heoaive  subject,  it  is  necessary  to  divide  it  into  four  different  parts, 
and  to  trace  the  rise,  progress,  and  development  of  surgery  in  its 
triumphal  march  as  it  pertains  to  these  four  great  events  lu  his- 
tory, during  the  paat  century. 

1.  The  discoverj-  and  employment  of  anesthetlca. 

2.  The  discovery  and  practice  of  autiaeplica. 

3.  The  djficovcry  and  application  of  modem  tberapeuticB  and  of  new 
diagnostic  aids. 

4.  The  improvement  of  old  and  the  discovery  of  new  operations 
with  their  mortality. 

I.  The  ZHsccvery  and  Employment  of  Aneathetica.  Among  the  im- 
portant events  in  the  history  of  mankind  which  have  been  far- 
reaching  BJid  beQcficent  in  their  infliteucc,  the  discovery  of  anes- 
thesia easity  stands  in  the  foremoKt  ranks.  What  greater  blessing 
haj)  science  ever  conferred  upon  the  human  race?  Other  discoveries 
and  inventions  have  indeed  been  revolutionary  in  their  result.'!  for 
social  advancement  and  comfort ;  but  anesthesia  outranks  them  nil. 
in  it-s  conibinutionM  of  kindnc^vs  and  power  at  a  point  of  unutterable 
need.  This  wonderful  boon  to  suffering  humanity,  now  gratefully  in 
Use  throughout  the  civilized  world,  comes  from  our  own  land — 
America.  No  other  nation  has  presumed  to  lay  the  slightest  claim 
to  any  priority  in  its  discovery.  Anesthesia  with  its  world-nide 
blessings  is  confeaiedly  American. 

In  1844.  Horace  Wells,  adenlist  of  Hartford,  Conn.,  heard  a  lecture 
by  CoUon  on  nitrous  oxid  gas.  In  illustration  of  the  lecture  the  gas 
Was  administered  to  a  person  in  the  audience.  The  man  fell  to  the 
floor;  but  wa«  insensible  of  his  fall,  confessing  afterward  that  he  was 
»b(K>lutely  unconscious.  This  episode  caused  Wells  to  tlvnk  that  per- 
'baps  the  gas  could  be  utilised  in  dentistr>-  for  the  painless  extraction 
of  teeth.  With  a  true  courage  of  his  convictions  he  tried  the  experi- 
ment upon  himself,  inhaling  the  gas,  and  having  one  of  his  own  teeth 
extracted  by  his  assistant.     When  a  few  moments  afterward,  ho 
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retumcd  to  consckniBiMB,  he  cried  out  in  his  cnthiui&sm,  "a  new  era 
bu»  dawued  upoD  the  world,  I  did  not  feel  it  more  tliaa  a  pin-prick," 
and  liomce  Wells  was  a  greater  prophet  thiio  ever  he  dreamed  tum- 
sclf  to  be  Id  Ihc  moment  of  wild  excitement. 

lu  1S44,  William  Morton,  a  Boalon  dentifit,  heard  that  sulfuric 
ether  could  be  Jnhnled  in  smnll  qunntities,  and  that  it  produced  a 
certain  degree  of  UDConBciouBuess,  Like  Wells,  Morton  immediately 
t  ricd  the  expcrimcDt  upon  himself,  a  daring  thing  to  do.  After  inhal- 
ing the  ether  he  became  insensible  for  eight  minutes.  The  moment 
he  came  to  himself,  the  thought  Qushed  through  his  mind  that  Id 
other  was  u  vapor  which  would  produce  inscnsibilily  for  a  longer 
period  tlion  gaa,  and  that  here  was  an  ane<itheti<r  peculiarly  suitable 
for  surgical  work.  Accordingly,  be  sought  his  opportunity.  It  came 
on  October  16,  1S46,  a  red-letter  day  in  the  history  of  surgery,  not 
only  in  America,  but  throughout  the  world.  Tliat  day  Morton 
admioietered  ether  to  a  patient  in  the  Massachusetts  General  Hoe- 
pital,  in  BoBton,  who  was  to  be  operated  upon  by  Warren  for  the 
removal  of  a  vascular  tumor.  Under  the  influence  of  ether  the  patient 
remained  unconscious  during  the  operation,  which  was  highly  suo- 
cessful.  To  be  sure  Crawford  W.  Long  bad  administered  ether  prior 
to  this  time,  but  LoDg  did  not  quite  trust  the  <.'^-idpncc  of  hts  own 
experiment,  and  feared  that  his  success  might  be  due  to  an  incidental 
hypnotic  LnSuence.  The  work  of  Jackson  should  also  be  mentioned, 
since  as  a  chemiM  lie  made  ether;  but  it  was  Morton  who  rejilly 
proclaimed  the  discovery  of  anesthesia  in  an  emphatic  way,  so  as 
to  arreet  universal  attention,  and  introduce  a  new  epoch  in  surgical 
science. 

November,  1847,  was  another  red-letter  day  hi  the  progress  of 
suTgerj',  for  on  that  day  Simpson,  the  famous  Scotchman,  made 
aunoUQcement  of  chloroform  as  a  valuable  anesthetic. 

One  of  the  most  memorable  nights  in  the  history  of  the  world  was 
when  Simpson  resolved  to  try  personally  the  inhalation  of  chloro- 
form. Sitting  with  his  friends,  Duncan  and  Keith,  around  a  supper- 
table,  he  proposed  a  trial  of  the  experiment.  The  three  men,  without 
the  sUghtest  adequate  knowledge  of  what  the  Ksvll  would  be, 
inhuled  the  vapor.  It  was  a  brave,  hazardous  thing  to  do;  but  they 
did  it.  Almost  instantty  their  con^-ersation  sparkled  with  unwonted 
scintillations  of  wit  and  humor;  but  it  suddenly  ceased,  and  a  death- 
like KiU-nce  reigned  in  the  room.  In  a  few  moments  the  sound  of 
falling  bodies  might  have  been  heard;  and  then  again  all  was  silent. 
Simpson  was  the  first  to  rcco^'er  consciousness.  He  says  that  wlien 
he  did  so,  he  heard  himself  eaying;  "Thnt  is  good."  Then  he  saw 
Duncan  lying  on  the  floor,  sound  asleep  and  snoring;  while  Keith 
was  struggling  to  regain  the  chair  from  which  he  had  fallen  when 
the  chloroform  did  its  work. 
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That  was  an  liistonc  scene,  fraught  vdtfa  ineiitinuible  value  to 
mankind.  Here  wore  throe  noble  men.  brave  heroes,  every  on«  of 
tiiem,  expenmeuiiiig  at  the  conscious  ri»k  of  llieir  own  \i\e»,  with 
a  vapor  respecting  whose  fatal  qualities  they  know  not,  in  the  hope 
of  djflcovering  a  way  by  which  poor  suffering  humatuty  might  \x 
spared  from  pain.  They  took  the  cliance  of  siicrifioiiig  their  own 
lives  if  necesaary.  for  the  good  of  mankind.  Such  act*  of  patioat 
raewrch,  weary  waiting,  unselfishness,  bravery,  iind  hcniism  bclonR 
aaiy  to  a  profession  in  which  Raving  of  litiman  life  at  the  risk  of 
loan;  oDC*8  offn  life  is  undertaken. 

It  uppt'ant  that  Simpson's  mind  had  long  worked  on  the  great  and 
perplexing  problem.  His  daughter  te!l.t  u»  that  "very  early  in  his 
atudmt  days  he  hjid  so  sickened  At  the  sulTering  he  witnessed  in  the 
operating-theater  that  he  hiid  shrunk  from  the  Hcene,  decided  to 
abandon  his  medical  studies  and  seek  his  way  in  the  paths  of  law." 
Thi."*.  however,  he  did  not  do.  On  the  oontrary  he  resolved  "  to  fight 
a  good  fight "  in  the  field  upon  which  he  had  already  entered,  and  he 
did,  getting  to  himself  an  undying  fame  thereby,  and  conferring 
an  immeoAurable  benefit  upon  mankind  to  the  end  of  time. 

Before  leaving  this  part  of  our  subject,  it  aoeroa  pertinent  to  call 
the  attention  of  the  enemies  of  vivisection  to  the  splendid  horoisiii 
and  unselfiahnens  which  Wells,  Morton,  and  Simpson  displayed  in 
making  these  hazardous  experiments  upon  themselves,  and  not  upon 
lower  aninmU.  This  world  would  be  far  better  off  if  these  enemie« 
to  the  true  progress  of  surgery  would  take  this  noble  object-lesson 
to  heart,  and  cease  (heir  senseless  tirade  against  viNiseetinn,  which 
has  been  as  absolutely  accessory  to  science  us  its  benefits  have  been 
great.  The  only  object  and  aim  of  vivisection  is  to  save  tnan  from 
suffering,  misery,  and  death.  Shakespeare's  thought  that  "it  is 
sonietiniea  necessury  to  be  cruel  in  order  to  be  kind  "  is  true  in  ihia 
conneetion. 

The  topic  of  anesthesia  must  not  be  diemiased  without  a  reference 
to  Kolier'B  discovery  of  local  anesthesia  by  cocaia,  especially  in 
ophthalmic  surgery.  The  use  of  the  spinal  canal  for  medication,  of 
which  the  injection  of  coi^ain  for  anesthesia  is  one  of  the  adminis- 
trations in  vogue,  was  suggested  by  Corning  in  1S84.  This  particular 
form  and  method  of  nnestlieaiit  has  been  a  contribution  to  surgery 
within  the  pa«t  quarter  of  a  centur>',  and  h&a  met  the  needs  of  a  class 
t4  cases  to  which  general  anesthesia  could  not  be  applied. 

Aa  to  the  mortality  of  anesthetics,  Poncet  concIu<)ea  that  chloro- 
form is  more  dangerous  than  ether,  since  Juillard'a  and  Gurlt's 
statistics  show  one  death  in  from  2000  to  3000  administrations  of 
chloroform,  and  one  death  in  from  13,000  to  14,000  of  ether,  while 
in  nitrous  oxid  gas  there  are  practically  no  deaths. 

The  influence  of  the  introductioii  of  auestbetin  upon  the  progress 
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of  surgery  can  be  best  illustrated  by  ft  refeponce  to  the  etiturtiMof 
operations  recorded  in  tht  MaswichusPlts  Ocncnil  Hoapital.  Hulstcd 
has  given  the  figures  for  10  years  before  and  10  years  after  the  dis- 
covery of  aneBthcsia,  which  I  quoto.  During  the  10  years  prior  tothe 
ctuployment  of  anesthetics,  there  were  only  385  opemiiooa  performed 
in  the  Maseacbueet ta  General  Hospital,  or  about  38  annually,  or 
about  3  each  month,  or  lese  than  1  n  we«k.  In  the  10  years  after  the 
use  of  anesthetics  began,  and  before  the  discovery  of  fiutieeptics, 
there  ■wens  1893  operations,  or  say  189  annually,  or  about  16  vvcry 
month,  or  nearly  4  each  week.  If  now  the  number  of  ojierations  in 
(he  same  hospital  during  the  past  10  years  is  considered,  it  is  found 
that  they  amount  to  34.270,  or  about  2427  annually,  2&2  every 
month,  and  about  50  each  week,  white  of  those  performed  in  the 
yrnr  of  1903.  they  number  no  less  than  3109.  or  about  2C0  each 
month,  or  about  65  each  week.  What  a  tremondoiie  advance  upon 
the  less  than  one  operation  each  week  of  about  half  a  centtur  ago 
to  the  66  each  week  at  the  present  time  in  one  hospital  alone.  It 
nmat  be  said,  however,  that  this  renmrknbie  increase  is  largely  due 
to  the  introduction  of  antiwptios,  as  well  as  anesthetics,  in  surgical 
praetice.  In  other  words,  Hoffman  has  sho'wn  that  the  increase  in 
surgical  operations  during  the  past  half-ceotury  has  been  ntnre  than 
»ix  times  as  great  as  the  increase  in  hospital  patients  ns  determined 
by  the  Muasachusclts  General  Hospital.  So  we  arc  led  to  the  second 
chief  topic  of  this  address. 

2.  The  Discovery  and  Praeliee  of  Antitepties  eqitat  in  Importance 
Iftal  of  Anesthetics,  and  cojitTt'bvte  almost  ax  larijdy  to  the  ProyrfM 
attft  Dcvflojimcnt  of  Surgerif  during  the  Past  Century.  This  discovery, 
unlike  that  of  anesthesia,  belongs  exclusively  to  no  one  natioQ. 
Pasteur,  in  France,  discovered  that  putrefaction  ia  due  to  the  pre- 
sence of  bacteria  in  the  air.  Lister,  in  Scotland,  applied  the  dia- 
covery  to  surgery.  In  Germany  and  in  the  United  States  a  yet 
further  applicnlion  of  the  tecluiie  was  made.  Antiseptics,  therefore, 
have  been  an  evolution  in  which  nil  wcll-progre(5>cd  countries, 
notably  Great  Britain,  have  taken  a  part.  Lord  Lister's  discovery 
will  always  stand  as  one  of  the  great  milestones  in  the  advance  of 
surgical  .'«cience. 

There  are  certain  remarkable  facts  connected  with  the  early 
surgery  of  this  country  which  clearly  foreshadowed  the  introduction 
of  anti.septics.  Absolute  cleanliness  was  a  characteristic  feature  of 
Motfs  STirgery.  His  personal  toilet  and  the  cleansing  of  evM>- 
iiislrument  before  use  indicated  that  he  recogniied  perfect  cleanli- 
ness as  a  sine  qua  non  to  surgical  success;  also  the  employment  of 
animal  ligatures  in  this  country  anticipated  their  general  adoption 
&s  an  essentiat  part  of  antiseptic  technic.  Dorsey,  as  early  as  1844, 
successfully    ligatured    large    vessela    with    buckskin    and   catgut. 
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Flartshome  iiscd  parchment  and  Jameson  proposed  ligature  from 
deerskin.  All  these  fuctors,  which  now  ^re  recognized  as  an  e:<^ntial 
part  of  antiseptic  surgery,  were  marked  steps  towwd  the  perfect 
uNeptic  tcchnic  of  io-duy. 

The  general  subject  of  antiseptics  caDDOb  be  passed  over  without 
a  just  and  generous  Kvognltion  of  Lord  Lister's  work.  It  is  simply 
ri^t  lo  say  that  to  him  belong:!  thv  exclusive  honor  of  having 
discovered  aoti^eptic  surgery.  Wliile  at  Glasgow,  in  hia  early  pro- 
feesional  life.  Lord  Lislor  bccanie  imprt^stsvd  with  "  the  fviU  of  putre- 
faction in  8urg«ry."  W1iat  appall^  him  in  his  clinical  oh>!«rvatton8 
n-os  the  difforcQce  of  hcahog  between  a  simple  and  compound 
fracture.  In  a  compound  fracture  there  was  communication  between 
ibe  seal  of  fracture  and  the  external  air.  This  condition  gave  rise  to 
suppuration,  blood-poisoning,  and  death.  In  a  tumplc  fracture  there 
was  no  communicut  ion  iMrtweeii  the  »eat  of  fracture  and  the  extenml 
air,  and  the  wound  healed  speedily  without  suppuration,  blood- 
poiaouing,  or  death.  This  striking  behavior  in  the  action  of  wounds 
led  Lister  to  the  discovery  which  has  made  his  work  imperinhable, 
and  has  given  an  earthly  immortality  to  hia  name.  Mr.  Uster 
believed  that  the  blood  in  ihe  wound  underwent  putrefaction  in  the 
fame  way  as  Pasteur  had  demonstratt-d  Ihat  meat  decomposed 
through  exposure  to  the  air.  Lister's  first  endeavor  was  to  overcome 
llic  evil  by  scrupulous  cleauliaeas.  just  as  Mott  had  done.  But  be 
quickly  found  that  tjiia  method  was  injtdequate  to  meet  the  need. 
Studying  the  subject,  he  immediately  realized  that  Pasteur's  theory 
was  correct;  that  putrefaction  wat«  a  fermentation  produced  by 
bacteria  in  the  air;  that  these  iiui;ro5rganJ:<ritH  could  not  dvvetup 
dt  novo,  in  the  putrefying  substances;  ajid  that  there  was  no  such 
Ibing  as  spontaneous  generation  of  bacteria.  He  also  saw  that  wlien 
the  bacteria  in  the  air  cotild  Ix!  prevented  from  entering  1  he  wound, 
the  wound  would  not  suppurate  nor  give  rise  to  blood-poisoning. 
He  (ben  asked  himself  the  question,  how  can  these  bitctoria  be 
ilertxoyed,  or  how  can  their  fatal  entrance  into  a  wound  be  pre- 
vented? In  other  words,  how  could  we  kill  the  baeteria  and  yet  not 
harm  the  patient? 

Thin  was  Ihe  problem  and  proposition.  Its  solution  is  antiseptic 
surgory.  Lister  had  heard  of  carbolic  acid  as  a  deodoriser.  As  such 
he  applied  it,  undiluted,  to  a  compound  fracture,  with  repeated 
renewals.  Watching  with  intense  interest  the  application,  he  was 
overjoyed  to  see  that  suppuration  was  almost  entirely  prevented 
aod  so  all  fear  of  blood-poisoning  and  death  removed. 

This  n'us,  practically,  the  discovery  of  antiseptics.  A  method  for 
preventing  putrefaction  was  found,  and  m  consequence  aseptic 
heahng  by  gradual  evolution  and  by  modern  improvements  followed. 
No  one  can  measure  the  vast  infiuonce  which  this  wonderful  dis- 
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covery  has  had  upon  the  himuui  race.  It  baa  vliminated  local  pain 
in  a  wound,  it  has  preventwi  general  fever,  it  Uns  made  po»dl)1e 
many  new  lUc-eaviag  operatioue,  it  has  saved  miliionB  of  lives. 

The  influence  of  antiseptics  upon  the  incnsjuxi  of  surgical  opera- 
tioDS,  and  the  deorease  of  mortality  attending  them,  ia  difFicult  tn 
Gfltimato.  Suflico  it  to  say,  by  way  of  illustration,  tlint  in  tbo  Boston 
City  Hoispitul  prior  to  the  introduction  of  antijjL-ptiics  there  •were,  in 
1878,  according  to  HaUted's  statement,  only  i;J2  operations  per- 
formed, while  in  the  same  hospital,  in  1903,  there  were  2719.  In  the 
New  York  Hospital,  in  1878,  there  were  142  oporationa,  in  191)3, 
there  were  16S0.  Uow  different  and  justly  so  the  prevailing  idea  of 
the  day  as  regards  the  operative  part  of  surgery.  Prior  to  the  post 
ccntuiy,  operalious  n-ere  looked  upon  b8  a  tai-it  confeseaonof  failure, 
and  such  thoy  commonly  were.  To-day,  they  are  properly  recognized 
as  the  grand  triumph  of  a  new  science.  These  facts  tell  the  storj'  of 
the  progress  of  surgery  more  forcibly  and  eloquently  than  could  be 
done  by  any  spoken  discourse,  no  n«itter  how  carefully  prepared. 

3.  The  Dixovery  and  Practice  oj  Modern  and  Surgical  Theraptvlic* 
and  o/  New  Diagnostic  Aids.  This  part  of  our  subject  embracce  all 
the  non-operative  methods  of  treatment  of  surgical  afTcctions  which 
have  been  devised  during  the  past  century.  It  is  obvious  that  within 
the  limits  of  this  address  mere  mcntinn  only  can  be  made  of  the 
various  rcnietlini  agencies  and  ihe  general  results  which  have  been 
obtained  by  their  application. 

The  Ronlgcn  rays  were  discovered  about  1H96,  and  theciviliited 
world  was  startled  by  a  discovery  which  ranks  after  anesthetics  niid 
antiseptics  as  one  of  the  greatest  advances  in  the  science  of  surgery. 
Bontgcn  demonstrated  that  the  Rontgcn  rays  would  pass  through 
the  human  body  and  throw  a  shadow  picture  on  a  photographic 
plate,  in  other  worde,  that  the  rays  had  the  power  to  pass  through 
aubstances  which  were  opaque  to  ordinary  rays  of  light.  Bullets  can 
be  seen  and  located  in  the  body.and  bones  can  be  distinctly  outlined, 
because  they  arc  denser  than  the  soft  tissues.  Fractures  and  diseases 
of  the  bones,  disioLralions  and  diaeaaes  of  joints,  as  well  as  foreign 
bodies  in  the  economy,  can  be  observed.  Tuberculous  procesace  in 
the  lungs  can  be  distinguiflhed,  and  the  heart  pan  he  seen  actually 
pulsating.  Gall-Atones  can  be  made  out  in  the  gall-bladder,  and 
calculi  can  be  detected  in  the  pclvia  of  the  kidney  and  in  the  urinary 
bladder.  Sarcoma,  myeUtis,  syphilitic  osteitis,  bone  ahscetts,  peri- 
osteal and  central  origin  of  bone  tumors  can  be  diagnosticated. 
CarcinoniH,  tuberculosis,  osteoartbntis,  osteoporosis  caa  be  miide 
out  uith  distinctness.  Brain  tumors,  notably  gumma,  Hodgkin's 
disease,  aneurism  of  the  large  vessels,  and  glandular  ealnrgements 
and  growths  iu  the  mediostinuni  con  be  demon»tratcd. 

The  Rcintgcn  rays  have  also  been  used  nith  a  wiew  to  the  cure  of 
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certain  malignant  difiease;:,  notably  cancer  of  the  .skin  and  sarconia, 
(Specially  when  the  disease  cajiuot  be  treated  by  ordinary  means. 
It  docs  not  iippcor  to  have  bettn  of  iiny  special  value  in  othor  forms 
of  eanccr  located  in  the  organs  of  the  body.  The  Rontgen  ray  has 
.ako  been  employed  as  a  depilatory,  also  to  bring  about  atrophy  of 
the  glands  of  the  skin  and  to  relieve  pain.  The  Rontgen  my  ulso  iu 
used  to  cure  pBeudoloukemia  and  splenomedutlar>-  leukeuiiu,  rodent 
ulcer,  lupus  vulgaris,  and  chronic  ecKema. 

Oreat  credit  belooga  to  our  di^tiiigujslied  chairman  for  the  mag- 
DiBeent  work  which  ho  has  performed  in  the  application  of  the 
Roatgen  ray  to  siirger)-.  and  his  writings  upon  this  subject  are  worthy 
of  close  study . 

The  Fiitten  tight  is  a  discovery  which  was  made  about  1897,  by 
Dnans  nf  which  rertain  forms  of  cutaneous  dispense  of  an  infective 
origin,  notably  lupus,  have  been  cured.  This  result  i«  accomplished 
by  means  of  a  light  which  can  be  employed  without  accompanying 
heat,  and  which  oiiuch  un  innummalion  of  moderate  trtonsity  upon 
the  flhin.  Sunlight  faiU  to  destroy  bacteria,  owing  to  the  presence  of 
b«at,  while  the  Fineen  light,  deprived  of  heat,  effects  a  ctire. 

In  1878.  Blunt  and  Downes  proved  the  efficacy  of  chemic  rays  of 
light  to  kill  bacteria.    FinR-n  demonstrated  that  the  action  of  light 
was  increased  if  it  be  applied  throURh  rock-crysttil  lenses,  and  the 
heat  absorbed  by  passing  it  through  a  violet -colored   liquid  and 
water,  while  the  part  of  tho  body  to  bo  treated  is  made  anemic  by 
pressure.    Fin.iwn  apparatus  increased  the  efHcacy  of  the  violet  or 
chemic  rays,  and  absorbed  red  or  heat  rays.  The  effect  of  light  upon 
bacteria  ik  slow  m  itH  operation,  but  its  raf^dity  is  iacrcuecd  by  con-  - 
centration,  by  means  of  mirrors  or  by  lenses.  The  heat-raya,  such  aa 
ullra-red.red,  orange,  or  yellow,  must  beeliminated.as  Ihey  bum  the 
tieeuw,  while  the  blue  or  violet  rays  destroy  the  bacteria.    The  arc 
eleolrio  light  comes  next,  and  is  now  often  used  because  it  can  be 
obtained  at  all  times.  The  incandescent  lijiht  is  of  no  value, owing  to 
the  fact  that  it  posseases  too  few  chemic  rays.    The  electric  hght 
reqwres  a  special  apparatus  for  its  use,  since  its  rays  arc  divergent 
and  not  parallel,  hh  is  the  case  in  the  sun's  rays.    Professor  Pupin 
rays  that  the  time  is  not  far  distant  when  a  new  method  of  producing 
light  of  short  wnve-lcngth  will  be  perfected,  which  will  be  far  more 
powerful  tUiin  tho  Finsen  light.    Tlie  phortcomings  of  the  present 
method  of  producing  light  of  great  actinic  power  consdat  principally 
in  the  absorption  of  this  light  by  the  glass  of  the  vacuum  tubefi  in 
which  it  is  produced.    Within  the  last  year  a  method  has  been  dis- 
covered of  fueing  quartz,  and  blowing  it  out  by  means  of  the  oxyby- 
drogen  (lamo  into  bulbs,  which  are  used  for  electric  vacuum  tubes. 
Quarti,  as  is  well  kiiovni ,  absorbs  light  of  short  wavo-lcngth  to  a  very 
Blight  exteoli  and  it  is  the  light  uf  short  wave-length  wbigh  is  «m- 
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ployed  at  the  present  time  for  therapeutic  purposes.  When  this  dis- 
rovery  is  applied  lu  surgery,  the  Scld  of  usefuLocius  of  light  as  a 
remedial  agent  nill  be  greatly  enhanced,  and  without  doubt  many^ 
new  diseases  vill  be  relieved  that  the  present  Finsen  light  fails  tofl 
cure.  The  rcnulta  of  treatmem  of  lupus  by  the  Finsen  light  ore 
intei«sting.  In  456  cases  in  which  the  treatment  had  been  com- 
pleted at  the  end  of  1900,  no  fewer  than  130  are  known  to  be  free 
from  n'currence  for  from  one  to  five  years.  In  the  rest  of  the  caaea 
I-he  period  of  cure  is  too  short  to  e^t^tblish  any  n-liable  data.  Id  44 
cascsof  lupus erj'thematosus,  14  were  report«dcured  and  15 improved. 
In  49  ca^es  of  alopecia  areata,  30  were  reported  cured,  la  24  caws 
of  rodent  ulcer  mid  cancroid,  with  U  favorable  rosult«.  In  25  etiBes 
of  acne  \*ulgariB,  13  were  cured.  These  statements  give  an  approxi- 
mHte  idea  of  what,  has  been  accomplislied  in  a  short  time  by  tlnsen 
light,  and,  witkout  doubt,  improvement  in  ihc  tcchnic  will  result  i 
even  a  greater  number  of  percenlagea  of  cure. 

i^crfjHrniaanewelpmcnt  which  was  discovered  in  1899  by  Madame 
and  M.  Curiu.  The  term  ''radium"  is  derived  from  the  Latin  word 
radivs,  meaning  a  my.  At  the  pre&ent  time  there  is  great  interetit 
in  the  question  of  the  therapeutic  use  of  this  metal,  but  sufficient 
time  has  not  elapsed  to  determine  its  value. 

Radium  is  a  new  therapeutic  agent  which  b&s  recently  been  used  ■ 
in  surgery,  and  furniahen  u  new  illUHtnitinn  of  the  developmentof  the 
gfience.  Radium  as  s  therapeutic  possibility  is  tittle  understood, 
but  about  which  much  has  been  written.  The  public  press  has  been 
flooded  with  scnaational  articles  about  radium,  while  the  medical 
press  has  been  conspicuous  for  the  meager  accounts  of  its  thera- 
peutic UM«. 

The  action  of  radium  dopeiids  upon  its  "itpontAneouB  source  of 
energy"  upon  living  tissues.  The  action  of  radium  upon  the  liasues 
is  very  similar  to  the  Rontgen  rays,  and  its  use  is  indicated  In  those 
cases  In  whiuli  the  Rontgeu  ray  is  applicable.  Radium  as  a  thera- 
peutic agent  depends  upon  its  radiations,  which  are  of  tliree  kinds, 
and  have  been  deftignated  by  the  t^rms  Alpha  rays,  Beta  rays,  and  ■ 
Oanima  rays.  The  Alpha  rays  consist  of  a  current  of  electric  charge 
that  contains  an  amount  of  energy  far  greater  than  the  Beta  rays  or 
the  Gamma  rays.  The  velocity  of  the  Alpha  rays  is  said  to  be 20,000 
miles  per  second.  Ninety-nine  per  cent  of  the  energy  of  radium  is  M 
in  the  Alpha  rays.  The  Beta  rays  consist  of  a  negatively  charged 'V 
stream  of  particles  very  similar  to  the  cathode.  The  Ganuna  rays 
travel  with  tremendous  velocity  and  are  similar  to  the  Rontgen  ray 
from  a  hard  tube.  The  Alpha  rays  have  very  slight  actinic  properties, 
while  the  Beta  and  Rontf^n  rays  are  highly  actinic,  and  are  therefore 
llie  rays  u^pd  in  thernpeuties.  Beta  rays  do  not  penetrate  the  tissues 
deeper  than  half  an  inch,  while  the  ROnlgen  rays  from  th«  pure 


I 


DEVELOPMENT  IN  NINETEENTH  CEXTTHIY      321 

radium  pajw  through  the  body.  Radium  g^ves  off  heat  and  a  gas 
r»lle<i  helium,  but  these  properties  hft\'e  no  influenre  io  the  thera- 
peutic action  of  radium.  Radium  destroys  bacteria  and  affect-s  the 
metaboUam  of  cells  and  ia  used  in  the  tmatment  of  c«rtaiD  skin 
affeetions,  notably  lupus,  Iceltnd,  nevi,  rodent  ulcer,  epithelioma, 
c&rciiioma,  and  sarcoms.  The  action  ia  atmilar  to  the  Rdutgen  raya, 
but  the  chief  ndvnDtngc  of  riidium  consixts  in  n  precise  oslimate  of 
Ihe  do9a^,  while  the  Rtintgcn  my,  on  the  other  hiuid,  is  a  more 
pon'erful  energy',  hut  it  is  difficult  to  estimate  its  exact  stren^b. 

Eleciriciiy  has  \iiid  great  influence  in  the  development  of  surgery 
dtiritiR  the  past  century.  It  has  been  employed  in  many  ways,  both 
as  a  diagnostic  aid  and  as  a  mcann  of  cure.  The  electric  tight  is  used 
as  a  means  of  diagnoms  to  explore  the  hidden  parts  of  the  body  such 
as  the  throat,  larynx,  esophagus,  and  stomach,  also  the  bladder  and 
the  inteotinal  canal.  Perhaps  one  of  the  most  useful  purposes  to 
which  electricity  baa  bcsen  employed  in  a  diagnostic  way  is  illustated 
by  the  cyatoseope  by  menus  of  which  the  interior  of  the  bladder  can 
be  explored  with  a  view  of  determining  the  exact  nature  of  the  lesion, 
the  nhape  and  anatomic  relations  of  a  growth,  or  the  prej^ence  of  a 
foreign  body  in  the  hollow  and  heretofore  impenetrable  viscus.  The 
Btomurh  also  has  been  e.itplored  with  a  view  to  determine  the  nature 
of  the  lesion.  It  is  also  used  to  test  the  contractility  of  muscles  which 
«hoiiId  re-spond  quickly  to  the  faradic  current  if  the  nerve  is  diseased. 
In  this  way  the  surgeon  can  diagnostieat*  functional  or  organic 
disease  of  the  nerve  by  the  behavior  of  the  muscles  when  the  electric 
current  is  applied.  The  electric  current  is  used  in  surgery  as  a  cura- 
tive means  in  the  removal  of  small  malignant  growtlis  and  nevi,  to 
arrest  primary  hcmorrliugc  in  places  when  tlie  ligature  is  inapplicable, 
or  secondary  hemorrhage  where  compression  is  not  adnuKtihIc.  In 
the  form  of  an  ficrascur,  electricity  is  used  to  remove  pedunculated 
tumom.  to  cauterize  long  sinuses,  to  arrest  .suppuration  in  the  eye- 
ball, to  steriliKC  the  pedicle  after  appendectomy,  ovariotomy,  or 
hyslerectomy,  to  cause  coagulation  of  blood  in  the  treatment  of 
aneurisni,  to  overcome  obstruction  in  the  eustachian  tube,  to  find 
bullets  imbedded  in  the  human  body,  by  a  probe  which  was  invented 
by  Oirdner  of  New  York,  to  stimulate  muscles  and  ncr\-e3,  to  im- 
prove the  circulation  of  the  blood,  and  even  to  relieve  severe  pain. 

Strum  therapy  is  a  newly  discovered  method  for  the  treatment  of 
certain  surgical  diseases,  among  which  may  lie  mentioned  hydro- 
pbobtn,  tetanus,  acute  phlegmonous  inBammations,  anthrax,  and 
other  infectious  processoB.  The  hi-ftory  and  development  of  surgery 
during  the  last  quarter  of  a  centurj-  would  be  incomplete  without 
a  reference  to  the  inoculation  method  to  prevent  certain  surgical 
diseases.  Th©  principle  involved  in  thi.«  .tystem  i»  the  one  enunciated 
by  Pasteur,  to  whom  the  world  owes  an  everiasling  debt  of  gratitude. 
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In  1880,  Paateur  announced  to  the  French  Academy  of  Science  that 
he  had  discovered  a  method  of  inoculalJon,  by  me&nB  of  which  lie 
could  reduce  the  virulvncu  of  a  disease  cuused  by  u  fipccittl  gcrni. 
An  attenuated  vims  of  the  gennHiisease  vas  inoculated  into  the  ■ 
aysteoi  of  a  susceptible  animal,  and  this  infection  would  give  rise  to 
Only  u  mild  attack  of  the  disease.  The  attenuation  of  the  \-irUK,  as 
Pasl«ur  t«rmed  it,  was  avcompUstied  by  cultivation  of  the  special 
germ  in  certain  incdiumK  exposed  to  tho  air.  His  reeearch  up  to  this 
time  wait  limited  to  chicken-cholera;  but  he  aoaounoed  tliat  in  tbe 
future  he  believed  that  the  great  principle  of  inoculation  would 
extend  to  other  diseases.  In  ISSt  he  proved  to  the  world  the  cor- 
rectness of  this  view  by  annotmcing  his  cure  of  anthrax,  tliat  fatal 
malady  alfocting  sheep  and  cattle.  The  world  vm  skeptical  of  bifl 
<liscovery,  and  the  president  of  the  Agricultural  Society  of  France 
urged  Pasteur  to  make  a  public  test  of  Ids  cure.  To  this  proposition 
Pasteur,  in  the  true  spirit  of  scientific  faith,  assented,  because  be 
was  fully  convinced  of  the  truth  of  hia  theorj'.  Fifty  shocp  were 
supplied  by  the  president  of  the  Agricultural  Society  for  tbe  teat. 
To  this  flock  Pasteur  requested  that  10  cattle  be  added  and  3  goals 
be  substituted  for  2  sheep,  "with  the  understanding  that  failure  in  his 
experiment  with  cuttle  and  goats  must  not  invalidate  the  tFstgsinco 
he  had  never  narried  on  experiments  with  cattle  or  goats.  The  accept- 
ance of  this  challenge  by  Pasteur  waB  a  brave  act;  because  he  knew 
if  he  failed  in  thi»  public  experiment  the  world  would  denounce  and 
deride  him.  The  inoculations  of  the  attenuated  virus  of  anthrax  were  ■ 
then  made  on  24  sheep,  one  goat,  and  five  cattle,  at  certain  intervals 
upon  three  sucee.'wive  occasions.  After  a  proper  time  had  elapifi'd 
the  60  animaU  were  inoculated  with  a  culture  of  the  anthrax  microbe. 
Forty-eight  hours  after  this  injection  of  the  tull-strenglh  %*ini8  into 
all  the  animaU,  the  public  gathered  to  witness  the  success  or  failure 
of  this  most  wonderful  experiment  in  tho  scientific  world.  The  nght 
that  the  eyes  of  the  vast  crowd  Iwheld  l>eggars  description.  In  thr 
paddock  were  seen  dead  or  moribund  every  animal  that  had  not 
been  previously  inoculated  with  the  attenuated  virus.  In  this  same  ■ 
paddock  won;  seen  the  remaining  animals  that  were  inocuhited  with 
the  attenuated  virus  walking  about  apparer\tly  in  perfect  health. 
This  paddock  formed  a  veritable  arena  in  which  was  witnessed  the 
greatest  battle  that  science  lias  e\-er  fought.  The  victory  was  com- 
plete, unequivocal,  and  overwhelming.  This  successful  experiment 
established  a  new  epoch,  and  this  new  principle  was  soon  applied  ifti 
certain  human  diseases. 

In  18SB  Pasteur  proved  the  value  of  this  method  in  tho  treat- 
ment of  hydrophobia.  In  this  latter  disease  the  virus  of  iBtues 
was  inoculated  into  guinea-pigs  or  rabbits,  and  an  attenuated  virus 
wae  made  frum  the  Kpinal  cord  of  these  inoculated  aoinuds.    Tkt 
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mortnlit;  of  hydrophobia  by  Pasteur's  treatment,  by  CcUi,  of  Rome, 
lias  been  only  5  %,  since  1899,  at  which  time  th«  irifvtitute  was  built 
And  oTgfiTtixed,  and  during  these  four  years  2000  patients  have 
bocQ  treated  with  the  scrum. 

Tlie  value  of  serum  therapy  is  shown  by  a  reference  to  the  work 
of  the  lamented  Walter  Reed,  of  the  United  States  Army,  who 
discovered  a  treatment  for  yellow  fever,  a  disease  wlucb  destroyed 
over  80,000  persons  id  this  country  during  the  past  ccntur)*.  To- 
day this  scourge  hns  been  wiped  from  the  face  of  the  earth.  The 
bubonic  plague,  the  most  frightful  diaease  that  could  visit  a  couti- 
trj',  created  panics  among  the  people  in  former  years;  but  now, 
owing  to  the  efficacy  of  serum  therapy,  its  entrance  into  this  coun- 
try creates  only  a  passing  comment.  Even  in  New  York  the  dis- 
ease wa«  Dbscr\'cd  at  quuruntinc,  and  was  stamped  out  imiiie- 
tlialely.  Thompson  predicts  before  long  that  the  bubonic  plague, 
which  is  now  practically  confined  to  the  valley  of  the  Euphrates, 
will  be  tumihilatt-d  from  even  that  locality,  as  well  as  cholera  from 
Ibe  vdley  of  the  Gangefi.  Ilaffkine 's  serum  for  the  treatment  of 
this  bubonic  plague  reduced  the  susceptibility  of  thoee  exposed 
to  the  infection  75%,  and  the  mortulily  by  i)Q  %. 

Gilm&n  Thompson  says  that  "thirty  years  of  bacteriology  in 
all  of  its  applications  have  done  more  for  mankind  than  all  the 
nedical  research  that  has  preceded.  In  an  estimate  made  by  Alfred 
RubmII  Wallnce  of  25  dificoverica  of  world-wide  iniportiince  made 
during  the  nineteenth  rentury,  a  fifth  were  contributed  by  medi- 
cal science,  and  all  but  one  of  these  were  nmde  during  the  last  half 
of  the  century.  Two  more  have  been  greatly  infliicnccd  by  med- 
leal  science,  viz.,  the  tlieory  of  the  antiquity  of  man  and  the  doc- 
trine of  organic  evolution.  Yet  we  have  not  wholly  emerged  from 
the  shadows  of  the  Middle  Ages,  for  have  we  not  Htill  among  ua 
thoee  who  fain  would  abolish  such  experiments  as  have  made 
posdbic  discoveries  like  those  of  vaccine,  antitoxin,  and  antihy- 
drophobic  inonulations,  even  as  there  arc  (lioee  iu  Persia  who 
would  mob  physicians  seeking  to  check  the  spread  of  cholern  ?  " 

Tctanva  is  a  surreal  disease  which  bafTlod  the  skill  of  physicians 
for  centuries.  Recently  it  Iiaa  been  treated  with  very  encourag- 
ing results  by  means  of  antitoxin.  This  method  of  senim  therapy, 
tt^cther  with  the  application  of  anliflcptic  surgery,  has  yielded 
results  that  offer  a  striking  illustratioti  of  the  onward  march  of 
surgery.  In  olden  times  the  mortality  in  tetanus,  according  to 
Lambert  was  80%  for  acute  casc«,  40%  for  chronic  cases,  and  60% 
as  an  average  for  all  cases.  The  mortality  in  tetanus,  treated  by 
antitoxin  and  by  antiseptic  Burgerj'.  was  about  61  %  for  aeute  cases, 
and  5  %  for  chronic  cases,  and  30  %  for  all  cases. 

From  these  et^tistica  it  is  evident  that  antitoxin  has  reduced 


324 


SURGERY 


the  mortality  half,  and  if  the  antitoxin  were  properly  used,  th«  lUOIV 
talily  woukl  be  much  less  than  half.  The  reueons  why  antitoxin 
has  DO  belter  statistics  &l  the  present  Lime  are  because  the  anti- 
toxin has  not  IxJt-n  pure  or  long  enough  continued,  or  not  in  Bufii- 
cient  doses,  ur  too  late  in  its  administration.  If  proi>erly  used,  the 
redudioD  in  mortality  woiild  be  striking,  and  from  now  on  the 
results  will  he  entirely  different.  Antitoxin  haa  its  widest  field  of 
usefulnetis  as  an  immunising  af^nt.  All  surgeons  agree  that  it 
would  not  be  justiSable  to  inununim  a  patient  ou  the  vague  sup- 
po»il!oii  that  tetanus  might  develop.  The  uhc  of  the  antitoxin  tia 
a  prophylactic  measuro  is  uonscqueutly  limited  to  those  cases  whore 
the  wound  has  been  inflicted  in  such  a  manner  as  to  allow  garden- 
earth,  piaster  from  wa)U,  or  manured  soil  to  come  in  eontact  n'ith 
it.  or  where  the  traumatism  has  been  caused  by  a  maty  nail  upon 
which  the  bacilli  are  discovered,  or  in  a  given  locality  where  tetanus 
is  prevalent,  or  where  the  wound  is  a  lacerated  one  with  entrance 
of  foreign  bodies  into  it.  In  these  cases  Murphy  states  that  the 
injection  of  antitoxin  hui9  reduced  the  mortality  50  %. 

Bany,  a  French  surgeon,  had  four  fatal  canes  of  tetanus  in  bis 
practice  in  one  year,  and  subsequently  began  injecting  20  cc.  trf 
eerum  into  all  patients  who  suffered  from  lacerated  wounds,  into 
which  extraneous  matter  had  of  necessity  entered.  Since  he  adopted 
this  practice,  telanua  has  not  followed  in  those  cases  in  which  a 
strong  probability  existed  that  this  dreaded  disease  might  develop. 
Lambert  mcntionH  that  Nocard,  in  veterinary  surgery,  immun- 
ized 376  animals,  and  in  no  single  csae  did  tetanus  develop,  wliile 
he  had  55  cases  of  the  discaae  in  non-immunized  aiumats  In  the 
same  environment.  Antitoxin  docs  not  afFoct  in  any  way  the  life 
of  the  bacilli  of  t«tanus,  or  the  spore.t.  Both  the  bacilli  and  their 
sporcsr  when  they  penetrate  the  tiasuee  by  a  wound,  live  for  days 
and  weeks.  In  these  cases,  when  antitoxin  is  ^vcn  for  the  purpose 
of  preventing  the  symptoms  which  would  be  caused  by  the  toxins 
during  the  first  few  days,  it  will  destroy  the  action  of  the  toxins. 
If,  however,  some  of  the  spores  remain  (juiescent,  they  may  only 
de\-cIop  into  bacilli  at  a  time  when  the  antitoxin  has  been  elimin- 
ated, und  if  th«y  then  develop  into  bacilli  the  toxins  produced 
wU  be  absorbed,  and  cause  symptoms  just  as  if  they  had  received 
no  immunization  dose  of  antitoxin.  For  thia  reason,  the  immun- 
izing dose  aliould  be  repeated  after  the  first  week,  and  even  after 
the  third  week. 

Antitoxin  as  a  remedy  during  the  progress  of  the  diKaae  has 
an  important  influence  upon  tetanus;  but  not  to  the  same  extent 
ns  when  employed  for  immunizing  purposes.  Welch  believes  that 
the  longer  the  period  of  incubation,  the  bettor  will  be  the  resulta 
from  the  use  of  antitoxin,  and  that  this  remedy  is  of  little  value 
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with  a  short  incubation  period,  that  is,  lees  than  seven  d&yx.  When 
antitoxin  is  used  under  these  circunistanc«s,  it  should  be  continued 
long  after  the  syaiptomH  of  iclunus  h&ve  subsided.  Lumbert  htm 
also  culled  attention  to  a  moBt  important  point  in  the  treatment 
of  tetAnud,  and  that  is.  the  great  care  the  surgeon  should  excroisc 
after  all  symptoms  have  dieappeared.  For  example,  absolute  quiet 
should  bo  insiHtcd  upon  long  after  the  patient  has  become  con* 
valesflent,  since  he  knows  of  Iitc  deaths  recently  in  New  York  Oty 
where  the  patieDts  were  awakeued  suddenly  out  of  a  somid  sleep, 
and  »  convulsion  was  brought  on  irom  which  the  pivticnia  died. 

Antiseptic  surgerj'   plays  an   important  r6!e  in   the  treatnient 
cf  tetanus,  since  it  has  been  shown  that  in  the  majority  of  cases 
of  tetanus  the  infection   proceeds  from   the  dcvelopini'mt   of  the 
spores  rather  than  from  the  bacilli.    It  has  also  been  demonstrated 
that  the  spores  derelnp  better  tinder  special  circtimstauces  of  a 
mixed  infection,  luid,  therefore,  all  tetaoutt  wounds  should  be  made 
aseptic  in  order  to  destroy  the  microbes  of  euppuration,  notably 
the  streptococci  and  the  staphylococci.     It  often  hapijens  that  the 
vound  is  situated  on  an  extremity,  notably  on  the  finger  or  toe, 
and  the  question  arises  as  to  the  propriety  of  Amputation  of  the 
affected  part.    Thin  operation  is  of  no  avail  unlesK  the  iiacrifice  is 
made  immediately  after  the  inflictiou  of  the  injury,  but  it  is  indi- 
cated if  the  wound  cannot  be  thoroughly  disinfected.    It  is  better 
to  live  n-itbout  a  finger  or  toe,  or  even  a  leg,  than  to  run  the  risk 
of  tetanus  with  its  attendant  suffering,  which  leads  in  the  acute 
eases  so  often  to  death.    The  small  punctured  wounds,  which  may 
seem  insignificant,  should  be  incised  deeply,  thoroughly  cleansed, 
and  then  properly  drained.    The  toxins  of  tetanus  are  chiefly  eUm- 
inated  by  diuresis.     To  best  utiliite  this  channel  of  elimination  llie 
imbibition  of  large  quantities  of  fluid  is  indicated.    The  saliva  ha£ 
also  been  said  to  be  a  channel  of  elimination.    The  function  of  the 
skin  has  not  been  proved  to  he  of  any  avail  in  eliminating  the  poi- 
son.    The  employment  of  anodynes  forms  also  a  prominent  part 
of  the  trealnionl.    Tliiw  step,  therefore,  sliould  not  be  overlooked, 
since  it  is  clearly  proved  that  much  suffering  can  be  relieved  by 
oertJun  drugs.    Among  the  drugs  that  are  found  to  be  most  useful 
are  chloroform,  morpliioe,  chloral,  bromides,  physoatigmin ,  anti- 
mony, and  nitrate  of  amyl.    Chloroform  is  a  most  valuable  remedy, 
becaum  it  relieves  the  inten.>3e  suffering  and  diminishes  the  inten- 
sity of  the  6pa.<<m  and  also  prevents  suffocation.    This  agent  must 
be  used  with  every  precaution  and  with  every  stimulant  present, 
And  ie*dy  for  immediate  use.    Statistics  show  that  when  chloro- 
form was  employed  in  the  treatment  of  tetanus,  the  mortality  was 
10  per  cent  less  than  in  the  cases  when  the  drug  was  not  employed. 
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Thus  it  is  evident  that  the  uae  of  antitoxin,  the  employment  of 
aatiseptic  surgery,  the  ndmiiuMmtion  of  certain  anodyues  aiul  the 
enToreemciit  of  quiet  to  avoid  reflex  didturbancea,  comprise  u  plau 
of  treatment  which  will  offer  brilliant  results  in  the  cure  of  this 
terrible  ninlady.  The  .iiioeess  of  this  treatment  in  tetanuii  alone  is 
a  moDumeut  of  the  progress  which  surgery  has  made  during  the 
past  quarter  of  a  century. 

The  antitoxin  Irmtment  of  dtphlhena  affords  the  most  forcible 
illui<trntion  of  the  value  of  scrum  therapy  in  the  treatment  of  in- 
fectious di»eaHCs.  Ibis  disease  doca  not,  strictly  spealcing,  belong 
exclusively  to  surgerj-;  but  it  affords  an  opportunity  to  show  the 
results  of  the  use  of  antitoxin,  and  it  often  happens  that  the  dis- 
eaee  may  require  surgery  for  its  relief.  Ftom  the  statistice  of  the 
Health  Board  of  New  York  City  prior  to  January  1,  1895,  the 
mortality  was  as  high  as  64%,  and  in  190*2,  as  ft  result  of  the  use 
of  antitoxin,  mortality  was  reduced  to  9.5%.  From  a  period  of 
S  years,  from  18SS  to  1S94,  tho  mortality  wna  from  64%  to  44  ?J, 
and  the  following  4  years,  fmm  1S95  to  189S,  the  mortality  dropped 
to  12%.  In  1902  the  mortality  was  reduced  to  10.9  %.  In  another 
series  the  cases  were  also  not  selcctod.  They  were  collected  from 
hospitals,  asylums,  private  residences,  and  many  of  them  were 
moribund  at  the  time  of  the  use  of  the  antitoxin,  and  the  mortal- 
ity was  less  than  S  %,  iia  contrasted  with  64  %  to  44  %  20  years 
ago.  or  before  antitoxin  was  employed.  In  1903  tho  Improvement 
WB3  still  greater,  since  in  1208  cases  of  diphtheria  only  72  died, 
thus  p\n»g  a  mortality  of  only  5.9  %.  If  the  26  moribund  case* 
were  deducted,  the  mortality  is  only  3.8%.  There  remains  no  longer 
any  doubt  as  to  the  value  of  serum  therapy  in  this  disease,  and  if  J 
these  results  can  be  taken  as  prophetic  of  the  result  of  serum  therapy  ' 
in  other  infective  diseases  a  new  era  has  dawned  upon  the  civil- 
ized world.  Billinfft  has  called  attention  to  one  fact,  and  that  la 
the  necessity  of  the  early  administration  of  the  antitoxin,  since 
in  1702  eiLses  injected  on  the  fii-st  day,  only  fiS  patients  died  in- 
cluding the  moribund  cases;  the  mortality  was  only  4.9%.  Finally, 
in  16I0  caeea  eotU-cted  from  12  physiciuns  in  private  practice, 
and  not  including  the  moribund  cases  ,*een  in  consultation,  there 
were  24  de-nths,  or  a  mortality  of  only  1.5%.  An  antitoxin  haa 
been  made  by  Ciilmctte,  who  worked  tn  the  PMSteur  Institute,  to 
prevent  death  after  the  bites  of  venomous  serpents.  This  anti- 
toxin has  already  afforded  immunity  to  thousands  of  persons  who 
had  been  poisoned  by  the  bite  of  venomous  reptiles  in  India  and 
Australia. 

TIic  antitoxin  treatment  of  snake-bite  was  diacovered  by  Vital, 
of  Brazil.  He  made  some  extensw  experiments  with  antitoxin 
at  the  institute  over  which  he  had  charge.    Tliis  scrum  was  better 
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thnn  the  control  tests  with  Cnlmctle's  anti-veiiom  sermn.  Vital 
railed  the  serum  antl-ophidic,  and  he  reported  21  cases  of  bite  of 
venornoiis  reptiles  with  recover;*,  without  any  appreciable  clinical 
sj'mptoms.  The  strength  of  this  auti-ophidic  Berum  is  shown  by 
the  fact  thut  ev*n  *  fraction  of  a  niilli^ain  of  the  snako-vDnom 
cauiws  severe  ^-mptoma  to  appear  when  injected  into  lon-er  ani- 
nuUs.  In  three  of  the  21  cases,  the  symptoms  appeared  almost 
imincdlatcl)'  aflcr  the  bite  of  the  snake,  and  wen;  most  pronounced 
in  type.  In  theae  three  cases,  however,  2l)  cc.  to  60  cc.  of  the  anti- 
ophidic  wa9  injected  and  recovery  took  place,  notwithstanding  two 
hours  had  elapsed  in  one  case,  and  three  hourx  to  another  case. 
Vital  has  also  prepared  a  special  serum  for  the  bite  of  rattlesnakes. 

Id  India,  22,000  pcrsoDS  and  60.000  cuttle  die  each  year  from 
tl«  hites  of  the  poisonous  ophidia.  Many  of  these  deaths  can  now 
be  prevented  by  inoculation  of  the  anti-vencne.  In  tuberculosis 
the  mortality  has  been  reduced  50%.  Koch's  wonderful  discovery 
is  an  enduring  monument  to  his  greatness.  In  Germany  alone 
90,000  persons  die  annually  from  ttibcrculosia.  This  gives  ug  an 
idea  of  the  f&r-reAcbing  influence  of  Koch's  marvelous  discovery. 

Bhod  a-nalyaia  has  had  much  to  do  with  the  development  of 
surgery,  and  afford.i  a  most  valuable  diagnostic  aid.  Without  this 
contribution  from  the  science  of  hematology  tlie  development  of 
surgery  would  never  have  reached  its  present  6t*te.  This  is  not  the 
place  to  enter  upon  any  diMrus.<«ioi)  of  blood  analysis  except  aa  it 
pertains  to  surgical  diagnoMs,  by  means  of  wliich  the  broad  field  of 
operati\'e  surgery  has  been  enlarged.  In  speaking  of  blood  aoulysis 
a  reference  only  will  be  made  to  tlie  influence  it  has  upon  operat- 
ive surgery.  Blood  analysis  makes  oertain  the  diagnosis  in  some 
suigical  diseases,  it  aids  in  the  diagnosis  of  other  diseases,  and  it 
helps  to  diagnostirate  a  condition,  where  from  Unconsciousness, 
inability  to  speak,  insanity,  or  malingering,  a  history  is  unattain- 
able. The  chief  points  to  ascertain  are  the  number  of  erj-thro- 
cytes,  the  leukocytes,  the  ratio  of  one  to  the  other,  the  numljor 
of  blood  plaques,  and  the  ratio  to  each  other,  the  size,  fonn,  and 
contents  of  the  blood-cells,  the  amount  of  hemoglobin  and  of  fibrin, 
the  specific  gra\-ity  of  the  blood,  and  bacteria  contained  in  it.  The 
erythrocytes  or  red  blood  globules  normally  exist  in  the  blood  iu 
the  proportion  of  about  5,500,000  in  a  cubic  millimeter.  The  term 
oligocythemia  indicates  a  deficiency  in  the  uumlier  of  red  blood 
globules,  or  a  diminution  of  their  relative  proportion.  The  term 
poikUocyto»8  indicates  an  irregularity  in  the  ahape  and  size  of  the 
globules,  and  an  increase  in  the  red  blood  globulci  is  called  poly- 
cythemia. Now  oligocythemia  is  observed  in  hemorrhages,  anemia, 
etc.  Polycythemia  is  observed  in  cases,  where  there  is  a  loss  of 
fluid  from  the  blood  as  in  cholera,  sCN'ere  diarrhea,  etc.    The  leuko* 
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cytee  or  white  blood  Rlobulcs  normally  exist  in  the  blood  in  the 
projjcrtioti  of  about  "BOO  in  a  cubic  millimeter.  An  incrcaee  of 
1500  or  more  in  the  number  of  the  white  cells  indicatta  a  condi- 
tion known  as  leukocytoaiB. 

Now,  a  normal  teukocytoHH  is  observed  in  health  after  mcnlu, 
during  pregnancy,  follownng  violent  exercise,  a  cold  bath,  and 
massage.  An  nbnurmal  leukocylOBiB  is  observed  in  such  diseases 
as  erysipelas,  oeteoniye litis,  suppuration,  malignant  tumors,  and 
in  pntumoniu.  The  term  leukemin  indicates  ii  jx.Tniiincnt  leuko- 
cytORis.  In  the  difTerential  diagno»8  of  surgical  aflectiuni;,  blood 
analysiB  is  of  great  aesietance.  For  example,  in  shock  from  hemor- 
rhage there  is  oligocythemia,  In  shock  from  concu&sion  or  com- 
presFion  of  the  brain,  there  is  no  decrease  in  red  blood  cells.  In 
appendicitis  and  pua  IuWh,  there  is  a  leukocytosis,  while  in  float- 
ing kidney,  ovftrinn  neuralgia,  gall-atones,  renal  and  irite-stinal  colic, 
it  is  absent. 

lu  meningitis,  in  cerebral  absceee  and  cerebral  hetnorrha^, 
there  is  leukocytosis,  while  in  other  iniracranial  lenons  it  is  absent, 
In  all  forms  of  eepMs,  leukocytosis  is  present.  Blood  plaques  nor^ 
mally  exist  in  the  blond  in  the  proportion  of  200,000  cm.  to 
600,000  cm.    In  disease,  the  plaques  are  increased. 

Htmoglobin  normally  exists  in  the  blood  in  about  90%,  and  be- 
low 20  %  is  tho  inirtiinuni  in  life.  The  relation  of  hemoglobin  to  the 
erythrocytes  and  the  rapidity  with  which  it  regenerate."*  after  in- 
juiies,  surgical  operations  collapse,  and  hemorrhages,  enablee  the 
surgeon  to  drlerinine  the  propiosis.  Syphihs  and  cancer  nstard 
the  regeneration  of  hemoglobin,  while  tubcrculofeis,  cunous  to 
state,  increases  the  regeneration.  In  operation  for  removal  of  can- 
cer, for  example,  the  amoiini  and  rapidity  of  regeneration  of  ih« 
hemoglobin  enables  the  surgeon  to  determine  whether  complete 
removal  of  the  malignant  tumor  hiw  been  aecnmplishcd,  and  whether 
the  rapidity  is  eufhcient  to  justify  the  concluaion  that  perfect  health 
can  be  reinstated. 

4.  The  Improvement  of  Old  and  the  Discox'ery  of  .Vew  Operations 
vnth  tha'r  Mortality.  It  is  obvious  that  a  conaderation  of  this  part 
of  the  Bubject  can  only  embrace  a  cursory-  review  of  tho  fichl  of  oper- 
ati^-e  surgery.  No  attempt  wilt  be  made  to  deHeribe  in  detail  an 
operative  procedure.  A  mere  reference  to  the  improvements  in  old 
operalions  and  the  discovery  of  new  operations  will  be  made  aa 
affording  tangible  evidence  of  what  surgery  has  aorompiished  for 
mankind.  The  operations  that  have  been  di.'wovered  and  performed 
within  the  past  100  years  will  l)e  mentioned,  and  an  endeavor  will 
be  made  to  show  to  what  extent  the  science  of  surgery  has  been  a 
benefaction  to  the  human  race.  In  order  to  demonstrate  this  pro- 
jiositioDj  it  is  necessary  to  record  the  date  of  the  Erst  performaDoe 
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of  eMh  prominent  operation,  and  then  to  show  vhat  rceult  has  been 
accompli.shed  since  its  introduclion.  In  this  way  sn  idni  tran  t>c 
obtained  of  the  value  of  each  great  operation,  aiid  the  advance  ivlnch 
each  haa  made  toward  sfiving  lifo.  A  review  of  this  kind  ttaliirally 
is  clevoici  of  popular  inlerwst,  but  at  the  same  time  thcw;  important 
factors  are  worthy  of  record  and  study.  In  this  way  only  can  the 
tnie  progress  of  surgery  be  measured,  sinee  the  operations  performed 
prior  to  the  past  century  are  irifiigiiiCfanl  and  unimportant.  It  is 
only  by  a  study  of  the  operations  of  the  past  ceptury  that  the  mag- 
nitude and  usefulneftR  of  modem  surgery  become  impressive  and 
apparent.  If  what  has  b«en  accomplished  during  the  ninet«eulh 
century  be  tnken  from  the  sum  total  of  knowledge  uf  surgcr)', 
nothing  will  be  left  to  entitle  surgery  to  a  recognition  among  the 
Miencce.  The  worlc  accomplished  with  the  century,  however,  as  a 
•WKly  entitles  swrgery  to  a  proiiuncnt  place  among  the  sciences. 

The  important  operationa  will  be  considered  in  the  following  order: 
Tha-w  belonging  to  the  rraninl,  thoracic,  and  abdominal  cavitiea, 
and  linally  those  of  a  miiicellaucouij  nalure. 

External  to  the  cranial  cavity,  the  operation  for  the  cure  of  race- 
mose arterial  angioma,  aneuri.Km.<i  of  the  scalp,  sinus  pericrnnii, 
dermoid  cyat8,8&rconta,  and  carcinoma,  are  among  the  recent  opera- 
U<n)8  that  indicalc  the  exten^on  of  surgery  in  this  department.  The 
improvement  in  the  technic  of  the  operation  for  compound  fractures 
of  the  akull,  fractures  of  the  base,  encephalocele,  and  within  the 
ennial  cavity,  the  operationit  for  the  relief  of  hydrocephalus,  com- 
prewion  of  the  brain,  ligation  of  the  middle  meningeal  artery,  are 
worthy  of  mention,  as  denoting  the  progress  which  surgery  has  made 
within  recent  years.  Abscess  of  the  brain  has  been  recently  treated 
with  guceess.  Itelvoie  cites  21  cases  of  trephining  for  acute  cortical 
abecOEs,  with  15  recoveries,  and  33  operations  for  chronic  docp-scat cd 
absceBs,  with  19  reooveiiee.  In  cerebral  abscesses  secondary  to 
otitis  media,  Kopke  reports  142  cases,  59  of  which  recovered,  and 
40%  were  periuanentty  cured.  Frontal  abscesses  of  nosul  origin 
have  been  operated  upon  with  briiliant  eucoess.  Thia  life-saving 
operation  which  ha-s  resulted  in  cure,  until  recently  hopeless,  indi- 
cates tlie  progress  of  surgery.  In  thronibottia  of  the  intrncranial 
anuses  with  operation,  resulta  have  been  obtained.  Thus  Macewen 
had  only  S  fatal  ca-m-s  in  28  cases.  For  the  cure  of  infective  throm- 
bosis, all  of  which  die  without  surreal  inlerventiou,  this  is  a  remark- 
able showing  for  this  new  operation. 

Intracranial  tension  has  very  recently  become  a  new  indication 
for  operative  interference.  'Iliis  operation  affords  relief  in  a  class  of 
eases  that  heretofore  were  fatal.  This  operation  is  a  contribution  of 
modem  flurgerj',  and  is  another  milestone  which  marlci  the  pro^reas 
of  the  Bcieuce  of  surgery    The  recent  advances  in  clinical  medicine 
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and  clioical  microsoopy  have  opened  up  the  heretofore  unexplored 
field  for  operative  interference.  Cases  of  coma  with  no  external 
injury  of  the  akuU  have  heretofore  been  treated  by  the  expectant 
plati,  with  almost  uniformly  fatal  results.  Surgery  ou-ca  much  to 
these  two  departments  of  medicine  for  valuable  knowledge  upon 
a  subject  which  is  comparatively  new,  and  which  o^era  an  additional 
field  for  operative  work.  Intrucruaiul  teniiioD  is  a  condition  which  a 
8liidy  of  modem  pathology  has  showTi  calls  for  surgical  interference. 
Intracranial  hemorrhage  is  one  of  tbc  most  frequent  causes  of  intra- 
cranial prci!i9un;.  It  may  also  bo  caused  by  hone,  pus,  and  forcigo 
body.  In  order  clearly  to  understand  the  theory  of  intracranial 
pressure,  it  is  necessnry  to  bear  in  mind  two  facts:  (1)  that  the  brain 
it«-If  is  incompresdihle;  and  (2)  thai  the  cranial  cavity  itself  Is 
incapable  of  expansion,  therefore,  the  pressure  of  a  clot  of  blood  or 
ft  fragment  of  bone,  or  a  colleotion  of  pus,  or  any  foreign  boily,  must 
be  accommodated  in  the  limited  apace  in  which  the  brain  is  lodged. 
If  the  foreign  body  is  of  Hufficicnt  azo  to  fill  the  totracraiiial  space 
by  a  twelfth,  tleatb  results. 

The  treatment  of  intracranial  tension  is  a  new  subject,  and  one 
which  I  have  of  lute  given  npeclnl  study.  I  am  convinced  that  opiTa- 
tive  treatment  is  indicated  in  many  of  these  cuaes.  I  h&vo  employed 
this  measure  with  most,  gratifying  success.  The  iodicatioas  for 
0{>«rntive  interference  are  in  some  cases  perfectly  clear,  while  id 
others  the  phenomena  present  would  not  justify  resort  to  so  severe 
a  measure.  The  greatest  difficulty  is  to  determine  what  the  Une  of 
demarkation  is  between  the  cases  that  demand  trephining  or  lumbar 
puncture,  and  those  in  which  the  plan  of  expectancy  can  be  adopted. 

These  cajjcs  of  intrarraniut  tension  can  bo  divided  into  two  classee 
as  regards  operative  ititerference.  The  first  olawt  includes  those  in 
wliieh  intracranial  tcneian  is  BuflicieDt  to  produce  profound  conui. 
Opcratiun  will  auve  palientB  included  in  the  first  cIh»«  that  uni- 
formly died  under  the  expectant  plan  of  treatment.  Operation  will 
save  the  patients  embraced  in  the  second  class  when  the  symptoms 
are  gradually  increased  m  severity.  In  regard  w>  the  indicaliona  for 
operation  to  relieve  intracranial  tension  in  those  cases  included  in  th« 
Moond  class  in  which  coma  is  not  present,  the  problem  is  difficult  of 
solution.  I  have  been  guided  as  to  the  operation  by  the  condition 
of  the  patient  after  a  study  of  the  symptoms  from  hour  to  hour  and 
from  day  to  day.  If  the  arterial  pressure  arises  to  a  point  and  remains 
stationary,  and  the  vasomotor  system  does  not  fail,  even  with  a  well- 
pronouiiced  vagi  disturbance,  no  operative  procedure  was  practiced, 
and  recovery  has  taken  place.  In  addition  to  the  symptom  of  increase 
of  arterial  pressure,  the  blood-count  must  be  studied,  the  eye-grounds 
examined,  the  urine  tested,  the  reflexes  studied,  the  disturbances 
of  cranial  nerves  not«d,  and  all  other  phenomena  Investigated.    If 
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the  pressure  is  nut  dnily  increasing,  and  the  leulcocytosis  not  rising, 
the  red  blood  cells  not  iiicrca^ng,  and  tbe  urioe  not  becoming  glyco- 
«runc,  the  hobctudu  not  emerging  into  coma,  und  tbo  cepbalaigiu  not 
inereaeing,  delay  in  operative  interference  is  indJcAted.  If  all  the 
abore-mentioned  symptoms  from  a  Btatioaary  point  begin  to 
ioercasc,  operative  interference  ts  culled  for  lu  euvo  the  patient's  life. 
If  on  the  other  hand,  from  this  stationary  point,  all  the  symptoms 
sfaow  ao  improvement,  operation  can  be  deferred  at  least  for  the 
present,  if  not  permuoently. 

The  operation  for  relief  of  itwanily  is  worthy  of  consideration.  Sur- 
jftry  has  accomplished  great  victories  in  the  restoration  of  reason  in 
tfae  insane,  when  the  lesion  wtus  due  to  tmtimntism.  A  little  over 
a  hundred  years  ago  the  management  of  the  insane  was  most  revolt- 
infc  and  brutal.  In  Europe  the  treatment  of  the  poor  outcasts  wa.<t  a 
blot  upon  the  civilization  of  the  world.  Imagine  these  poor  wretched 
erenturee  consigned  to  dungeons  and  manacled  by  chains  for  yean. 
In  these  dark  priaonn,  the  innane,  con.sidenid  as  demons,  were  kept 
in  irons  amid  squalor  and  filth.  It  has  been  stated  that  the  iron 
tether  was  so  short  that  these  poor  unfortunata  victims  could  not 
even  stand  upright  and  were  held  for  years  by  chains  riveted  around 
ibc  neck  or  waist.  The  humane  treatment  of  those  poor  unfortunate 
people  began  about  a  centur>-  ago  and  great,  credit  is  duo  to  neurolo- 
gista  who  have  reat-ued  these  sufferers  by  throwing  aside  their  mana- 
cles, by  r*«loring  to  them  their  liberty,  and  by  proffering  them  treat- 
laeat.  Men  like  Tuke  and  Pinel  and  Rush  took  the  initiative  in  this 
great  reformation.  As  soon  as  a  rational,  humane,  kind  treatment 
wasinotilutcd,  it  became  evident  here  and  there  that  oinoug  t)ie.'<Q 
insane,  epileptic  demons  a^i  they  were  called,  there  were  some  who 
could  be  relieved  and  sometimes  cured.  Surgery  has  been  emploj-ed 
for  thi^  purpose,  and  some  of  the  rt.^aults  are  almost  miraculoun. 

In  the  course  of  the  development  of  surgery,  operations  have  been 
devised  for  the  relief  of  inwinity  where  the  etinlogy  was  due  to  pelvic 
AwHe.  In  DaCosta'?  monograph  it  is  meuiioued  that  Hobbs 
operated  on  116  cases  of  pelvic  disease  in  the  insane,  with  a  mortality 
of  the  operation  I«a  than  2  %,and  recowry  fnim  the  InBanity  in  61  %, 
and  great  improvement  in  7  %.  "  In  the  group  of  non-inflammatory 
Imubles,  tearing  of  the  perineum,  ut«rine  displacements,  tumors,  etc., 
25-5%  r^ftined  mental  health,  and  31  %  improved." 

In  the  turnery  of  the  heart  great  progre&s  has  been  made.  Bimanual 
massage  of  this  organ  has  been  successfully  resorted  to  by  Cohen  in  a 
case  of  eollnpee  following  chloroform  narcoxis  and  during  laparotomy. 
In  a  case  described  by  him;  "Artilicial  respiration  for  two  minutes 
having  no  effect,  he  introduced  his  hand  into  the  abdominal  cavity, 
pushed  along  the  anterior  abdominal  wall  until  the  diaphragm  was 
rt4iched,  and  placing  tho  hand,  palm  upvi'ard,  in  about  the  position 
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the  heart  would  normiilly  he,  that  organ  vias  freely  grasped  through 
iutffrveuing  diaphraRm.  There  was  au  entire  absence  of  heart  actioa. 
Placing  the  right  hand  over  the  prccordinl  region,  externally,  he  now 
plainly  palpated  the  hcurt  ua  it  lay  belwcon  his  hands,  and  begaa 
rliylhnuc  comiiresdoii,  using  both  hands  at  a  rale  of  about  sixty  a 
minute.  After  nbout  thirty  seconds  a  Blight  bent  was  felt  by  the  left 
hand.  Tlie  heart  now  began  to  beat  idou-ly,  grudu&lly  iiicreamug  ta 
Btreagth  and  rapidity  until  at  the  end  of  a  minute  the  bcate  rois- 
tered about  eighty,  and  reepiration  began  to  be  partially  reestab- 
lislied.  About  tiro  mJnulea  after  this,  respiration  was  normal,  pulse 
80,  and  shock  being  appiirently  recovered  from,  the  anesthetic  ««« 
rhiinged  to  ether,  and  the  operation  tinished  in  about  thirty  miuutes, 
with  recove7>'of  patient." 

For  tlic  relief  of  pericardial  udlicnions,  n  atsv  operation  bae  been 
devised  by  Peterson  and  Simon.  Thin  operation  ia  analogous  to 
l-^Iander's  operation  for  pleuritic  adhesions.  The  operation  consisted 
in  a  resection  of  a  portion  of  several  nh«.  and  iu  some  cases  a  part  of 
the  sternum.  Murphy  cites  the  fact  that  of  38  cases  of  stab-wotmd 
of  the  heart,  90%  were  penetrating,  and  only  19%  were  immediately 
fatal,  thus  leaving  SI  %  of  the  cases  amenable  to  surgical  treatment. 
This  new  operation,  the  outgrowth  of  modem  surgery,  will  afford  a 
new  field  for  this  science  to  Have  human  life  in  a.  tlass  of  cases  here- 
tofore fatal. 

In  addition  to  the  surgery  of  the  heart,  there  arc  many  other  opera- 
tions of  the  chest  that  deserve  mention  aa  indicating  the  prCK 
grese  which  surgery  has  made  within  the  past  ceutiu*>-.  In  surgery  of 
the  chest  the  wounds  of  the  i>Icura  and  lung  have  been  successfully 
treated  Knc-e  the  introduction  of  antiseptic  surgery.  Abscesses  of  the 
mediastinum,  caries,  and  necrosis  of  the  ribs  and  sternum,  tumors 
of  the  chC6t-wa]l,  actinomycosiR,  and  other  infective  processea,  re- 
moval of  fluid  from  the  pleural  and  pericardial  catties,  are  among 
the  recogiuied  operations  of  the  day. 

Womids  of  the  heart  during  the  past  eenturj*,  and  especially  during 
the  past  10  years,  have  been  treated  surgically  with  remarkable 
success.  Stewart  reports  that  Roberts,  in  18S1,  suggested  the  pro- 
priety of  suturing  these  wounds.  TiDmann  believed  in  the hopcleesneiss 
of  this  procedure,  yet  in  1S97,  liehn  published  the  first  successful 
case  of  cardiorrhaphy  in  man.  Htewart  Itke'n'ise  has  operated  with 
success,  and  ho  has  collected  60  cases  with  the  brilliiuit  iXMiult  of 
38.3  %  of  reeoveries. 

In  the  surgery  of  lh€  lun^  advance  has  been  made  within  the  lust 
quarter  of  a  eenturj-.  The  diseases  of  the  lung  which  have  become 
amenable  to  surgical  treatment  are  tumors,  tuberculosis,  abeeesa. 
gangrene,  hydatid  cysts,  actinomycosis,  and  bronchiectasis.  Murphy 
has  collected  47  cases  of  tuberculoEis;  26  patients  were  improved  and 


I 


DEVELOPMENT  IN   NINETEENTH  CENTURY     333 


* 


19  di«<l;  8  coses  of  actinomycosis,  in  which  the  patients  recovered; 
96  opor&lions  for  pulmonary  abscess,  with  S0%  of  recoveries;  122 
ciisra  of  piilnionnnr'  gangrene,  with  66%  of  recoveries;  57  operations 
on  bronchiet'tiiais,  with  60  %  of  rcco\-erie»,  but  only  hulf  pcrmunenlly 
cured;  70  euacs  of  hydatid  cysts  of  the  lung,  with  about  9(1%  of 
reeoveriefl.  In  some  400  cases  of  pneumotomy  collected  from  various 
sourcee  by  Murphy  there  hftve  been  about  300  recoveries,  or  about 
76  %.  This  ifl  a  most  remarkable  result  in  a  department  of  eurgery 
thai  has  developed  within  »  few  years,  and  includes  &  finss  of  cases 
that  were  formerly  pra«tically  hopeless.  Much  credit  is  due  to 
Murphy  for  his  wurk  as  u  pioneer  in  thoriLcic  surgery.  Perhaps  one 
nf  the  moBt  interesting  operations  in  eonnection  with  pulmonary 
surgery  refers  to  tuberculous  of  the  lungs.  In  reference  to  excision 
of  tuberculous  foci,  Whitacrc  hiks  shown  that  in  nearly  98%  the 
operation  is  "impossible  and  irrational."  In  only  2%  of  the  cases 
CHD  surgery  afford  relief,  and  in  these  cases  the  foci  are  located  in  the 
apices  of  th«  lung.  Il  is  thus  evident  Ihul  there  is  little  to  be  expected 
in  the  future  as  regards  pulmonary  surgery  aa  it  refers  to  tuberou- 
loeis,  since  careful  investigation  has  demonstrated  the  fact,  that,  aa 
a  rule,  tb^  tiiljerruions  foci  are  not  acces-sible  to  the  surgeon.  Before 
dismissing  tliis  subject  the  nitrogen  compression  method  intro- 
duced by  Murphy  deserves  recognition.  The  object  of  this  method  in 
to  compre.ts  ibe  difteased  bmg  by  gas,  thereby  restraining  its  move- 
ment to  cnuBO  SL  mcc'bfinical  obliteration  of  the  eAxdty  und  the  limita- 
tion of  the  already  existing  focus,  to  favor  fibrosis,  thereby  closing 
in  the  avenues  of  dissemination  to  afford  resl  to  the  affected  part  in 
the  same  manner  as  a  epiint  to  &  fractured  bone.  lu  certain  judi- 
cEouitJy  selected  cases  this  method  is  applicable. 

Id  October,  1842,  Sayre  made  a  free  incision  in  (he  chest  in  a  case 
of  empyema,  and  the  patient  made  a  good  recovery.  Forty-eight 
yeus  ago  Sayre  raised  the  inquiry,  "In  the  empyema  of  a  tubercu- 
lous patient  from  the  rupture  of  an  abscess  into  the  pleura,  should 
we  not  be  justified  in  tapping  (w  soon  as  discovered?"  In  IS50,  Dr. 
Henry  Bowditch  auKfiested  and  practiced  paracente^ia  thoracis. 
Wyman,  unaware  of  Bowditch's  operation,  performed  the  same 
operation.  For  a  long  time  in  this  country,  as  well  as  in  Europe, 
paracentesis  t  horacis  was  condemned ;  but  at  last  the  operation  has 
advanced  to  the  stage  of  full  acceptance  by  lUl  surgeons.  It  is  almost 
impossible  to  estimate  the  number  of  Uves  saved  by  this  operation, 
hut  the  iinmber  is  very  great,  and  this  operation  forms  an  enduring 
munuiDent  to  the  fame  of  American  aurgerj-. 

8urger>'  of  the  stomach  has  claimed  attention  only  for  the  past 
quarter  of  n  century,  for  previous  to  that  time  it  was  practically 
unknown.  The  unsatiafuctorj-  stale  of  the  surgery  of  the  stomach 
previous  to  1875  is  be£t  illustrated  by  a  reference  to  atatistics.  It  has 
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be«n  shown  that  of  28  operatipna  attempted  upon  the  stomach, 
there  were  2S  deaths,  or  a  mortality  of  100%.  From  1875  to  1884, 
improvement  look  place  in  ibat  163  operalions  were  performed  with 
133  deaths,  or  ucarly  H'i  %  inortaLty. 

The  reduction  of  the  mortality  of  100%  to  82%  was  a  gain  in  the 
right  direetiou;  but  it  left  much  to  be  desired.  The  rapid  strides 
which  Gcicnlific  surgery  has  made  in  the  operutions  upon  the  elomach 
forcibly  illuatrate  what  can  he  expected  Jn  the  future  in  this  depart- 
meut  of  surgery.  There  are  at  present  about  12  rooogniawd  opern- 
tions  upon  the  Btouuich,  and  in  7  of  thew  there  is  prtunicuUy  m> 
mortality, wliile  in  the  remaining  5  it  has  been  reduced  to  about  25%, 
Keen  predicts  as  technic  improves  the  mortality  in  the  most  diffi- 
cult operations  ought  uol  to  be  higher  than  10  %. 

I  should  predict,  from  tui  examination  of  lale  statistics,  that  evca 
leiis  than  10%  ban  already  been  aceompltRhed,  and  in  the  future  the 
mortality  will  be  etiU  lower.  Mayo  has  shonij  that  in  an  luvestiga- 
tion  of  over  000  operations  upon  the  orgiuis  contained  in  (ho  upper 
abdominal  xono  there  existed  a  relationship  between  gall-bladder 
and  ducts,  the  duodenum,  the  pancreas,  and  stomach.  In  other 
words,  that  the  cniilinutly  of  tissue  like  the  mucous  membrane 
nuikes  the  disease  of  one  organ  a  menace  to  the  otherti.  Mayo  also 
believes  that  the  duodenum,  on  account  of  ite  situation,  acts  as  a 
buffer,  and  is  involved  secondarily  in  ubnut  an  equal  proportion  of 
cfl£C£  from  gall-bladder  disease  and  gastric  ulcer,  Ui  the  samo  way 
Mayo  pointed  out  that  diseases  uf  tlie  pancreas  'n'cro  secondary  to 
gall-stone  diseases. 

Cardionpagm,  in  which  there  is  difficulty  in  deglutition  from  a 
spai^m  of  the  muHcles  of  the  cardiac  end  of  the  stumaoh ,  forms  a  now 
indicufion  for  operation.  It  is  comparable  to  pyloric  obstmotion, 
and  the  npcration  for  the  relief  of  eardiospasm  is  similar  lo  that  of 
pyloric  aleriosis.  Mikulicz  and  others  have  performed  lhi»  opera- 
tion with  brilliant  rt-sults  and  effected  a  cure  tbat  could  be  obtained 
only  by  surgery. 

Pyloric  stenosis  ie  another  and  new  indication  for  operative  inters 
ferencc  to  relieve  the  dii^truiwing  symptoms  bo  often  disguised  under 
the  term  of  dyspepwia.  In  1901  RoKwell  Park  collected  upward  of  40 
cases  in  which  the  patients  wore  cured  by  surgery. 

Gaatmptufu  is  a  prolapse  of  the  Momitch  due  td  reUxation  of  the 
ligaments  which  support  the  organ.  ThLi  condition  gives  rise  to 
ordinan,"  signs  of  dyspepsia  accnmpained  by  acute  pain  and  later 
emaciation.  Modem  surgerj-  in  its  evolution  has  devised  an  opera- 
tion for  the  relief  of  this  distressing  and  painful  condition.  The 
stomach  is  elevated  and  held  in  its  anatomic  position  by  shortening 
of  the  gaetrohepatic  and  phrenic  ligaments  of  the  stomach,  Thus  the 
normal  ligaments  are  shortened  and  the  stomach  held  in  its  proper 
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poeitton  without  rlitnurbing  its  molnlity  or  runction.  In  tAght  canes 
reported,  including  four  by  Bier,  seven  patieul*  were  cured  aod  one 
improved.  This  is  a  now  operation  of  modem  surgery  calculated  to 
relieve  a  distressing  condition  for  which  medical  treatment  was  of 
BO  avail. 

I}itotion  ojihe  8tom<uh  has  bocn  operated  upon  nith  a  view  of  relief 
of  diatrciUiiiig  symptoms  to  which  it  pves  rise.  The  operation  h 
called  gastropli cation  and  cOQsists  in  reducing  the  capacity  of  the 
diUted  tftomacli  by  lucking  in'foldii  of  the  stonuu^b  \vb.\\.  It  lit  a.  moitt 
saUiafactory  operation,  provided  there  is  no  pyloric  obstruction 
preeeot.  The  operation  is  safe  and  effects  a  permanent  cure. 

Expionaion  oj  the  stomach  has  been  resorted  to  suocesflfully  by 
Dennis  to  reheve  hysteric  vomiting.  Hysteria,  as  is  well  known, 
givvfi  riiio  to  pcrsititcitt  tuid  uncontrollable  vomiting,  and  in  onccaw 
in  which  no  relief  could  l>e  obtained  by  medical  means,  a  laparo- 
tomy was  performed,  the  stomach  drairn  out  and  then  returned  into 
the  peritoneal  cavity.  The  psycbic  effcut  or  the  mechanical  stretch- 
ing of  the  stomach  itself  resulted  in  cure. 

OattTotomy  for  the  removal  of  foreign  bodies  in  the  stomach  has 
been  resorted  to  auccCHsfully  during  the  i>iMt  25  years.  The  fordgn 
bodies  enter  the  Btomaeh  as  a  result  of  accident  or  arc  purposely 
swallowed  ft.s  a  livelihood,  or  on  account  of  insanity.  In  preantiseptic 
days,  Murphy  reports  19  cases  of  gastrotomy,  with  15  recoveries  and 
4  denths,  or  a  mortality  of  21  %.  Id  unti;«ptic  duyt>,71  patients  were 
operat«<I  upon,  with  a  mortahty  of  9  %.  Tiiis  includes  early  and  late 
cases  and  at  the  present  time  if  the  cases  are  seen  early  the  mortality 
is  \-ery  low,  ThiiH,  modem  aurgcry  htui  dcvelojied  to  suuh  a  state  of 
perfection  that  the  stomach  can  be  opened  and  foreign  bodies  re- 
mored  ■with  almost  a  certainty  of  succew. 

Ga*iro»lomy  is  an  openitinii  employed  for  the  relief  of  stricture  of 
the  esophagus,  either  benign  or  malignant,  or  for  certain  lewons 
connected  vnth  the  Ktomach  itself.  It  has  for  its  prime  object  the 
prevention  of  death  hy  starvaiioii. 

In  1883  Le  Fort  compiled  some  statistics  in  105  case.-)  of  ga-ttro- 
Btomy,  in  which  he  sliowcd  that  the  mortaUty  from.  100%  was  re- 
duced to  74.2  %.  In  1885  Zisas  collected  162  caees  of  gastrostomy, 
with  113.  or69.7%of  mortiUity.  In  188tlKnishad  169 cases  of  ga»- 
troBtomy.  with  a  mortality  of  66.0%.  In  1S87  Heydenreich  collected 
33  new  cases  of  gostroetomios,  with  19  deaths,  or  57%  mortality. 
Since  1887  Guerin  has  collected  121  cases  of  gastrostomy,  with  43 
deaths,  or 35.5%  mortality.  Mayo  has  performed  gastrostomy mth a 
much  smaller  death-rate  than  any  mentioned.  There  can  l>e  no  more 
beautiful  illustration  of  the  development  of  surgery  than  is  demon- 
strated in  this  one  operation,  since  formerly  it  %va8  attended  by  a 
mortality  of  100%,  while  to.<lay,  after  about  a  quarter  of  a  century 
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the  operation  has  by  evolution  achieved  a  record  that  is  most  re- 
nmrkablc,  since  the  latest  figures  show  the  mortnlity  to  be  less  than 
30%. 

MiktiUcz  recently  performed  10  gastrostomies  for  the  relief  of 
non-mnlignnnt  strictures  of  the  esophagus,  with  only  7  deaths,  or  a 
mortality  of  about  20%. 

Dennis  operated  upon  a  case  of  impermeable  stric-luro  of  the 
esophagus,  cau-wd  hy  ulceration  and  cicatricial  contraction  hy  ty. 
pboid  ulcers.  This  case  is  one  of  the  two  in  which  typhoid  ulcere 
have  been  found.  The  patient  is  now  li%'ing,  seven  years  after  the 
gastrostomy.  Hi."*  weight  previous  to  the  operation  was  leas  than 
100  pounds,  nod  to-day  it  is  184  pounds.  Ue  had  not  taken  a  mouth- 
ful of  food  except  through  the  fistulous  opening  for  several  ye«rs 
and  is  perfectly  well  nourished. 

Gastric  vlcer  has  become  a  recent  indication  for  operation.  It 
has  been  performed  1S4  times  us  collected  by  Mayo  Robson  up  lo 
IBOO.  These  184  cases  do  not  include  those  for  perforation  or  hem- 
orrhftge;  157  patients  recovered,  and  31  died,  tluis  giving  a  moiv 
lality  of  le.-t  %.  In  1901  Btatistics  show  that  in  25  %  of  cases  of 
gastric  ulcer  the  patients  died  under  medical  treatment,  and  <m[y 
5%  under  surgical  treatment,  aceordiug  to  the  latest  statistics. 
Gastric  ulcer  is  a  pathologic  contlilitin  wliich  formerly  was  con- 
sidered exclusively  from  a  medical  point  of  x-iew.  To-day  this  dis- 
ease in  the  stage  of  eomplication  has  been  relegated  to  the  domain 
of  eurgerj'.  It  has  been  during  the  past  quarter  of  a  century  that 
progress  has  been  made  in  the  management  of  the  serious  compli- 
cations, BUeh  a^  hemorrhage  and  perforation,  of  this  intractable 
disease.  Under  medical  treatment,  the  mortality  of  gastric  ulcer 
ill  hemorrhage  or  perforation  was  nearly  100  %,  while  tmder  sur- 
gical treatment  this  frightful  mortality  has  been  reduced  bj-  Ihe 
MayoB  to  6  %  in  the  benign  ulcers  and  IS  %  in  the  malignant  ulcers. 
Tlie  advance  that  »urKer>-  has  made  in  this  disease  has  been  in  the 
study  of  the  mechanics  of  the  stomach,  rather  than  the  chemis- 
lr>'.  Medical  treatment  based  on  chenustry  vraa  of  little  avail. 
Gastric  ulcer  of  the  stomach  affordtt  a  striking  jllustratioti  of  the 
progress  of  surgery  witliin  the  past  decade.  In  addition  to  the  re- 
duction of  the  mortality  from  nearly  100  %  by  medical  treatment 
to  about  5  %  by  surgical  treftlnient  in  the  ariite  cases  of  hemor- 
rhage and  perforation,  to  23  %  in  the  chronic  cnses  with  malignancy, 
there  has  been  eliminated  the  danger  of  cancer  engrafted  U|Kin  an 
uleor  which  at  the  beginning  was  benign. 

Oaslric  hemmrhage  is  a  condition  which  has  been  relieved  through 
the  mediation  of  modem  surgery.  Thtsso  hemorrhages  from  the 
stomach  are  peculiar  in  that  the  smallest  ulcers,  which  can  scarcely 
be  recognized  by  the  naked  eye  on  post-mortem  appearances,  have 
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given  rise  to  fata]  hemorrhngt*.     Mayi>  reports  Bve  cases  uf  acute 
perforation  anrl  hemorrliage  with  three  deaths. 

Coiwcr  of  the  ttotiuuJi  was  u  uniforiuly  fatul  discitac.  Ua<]cr  med- 
ical trontment  no  patient  «ver  recovered.  Surgery  has  entered 
this  domain,  and  already  the  beneficent  results  are  beginning  to 
lie  felt.  It  muHt  be  rumvinbercd  that  this  invarinbly  fatal  disease 
reaches,  aceordJiig  to  Haberlin,  40%  of  all  the  cases  of  cancer  that 
invailc  the  human  body.  Here  Is  the  most  importsnt  and  serious 
problem  with  which  surgery  lias  been  confronted.  Mayo  assigns 
thrw)  reasons  why  surgery  has  never  until  recently  interested  it- 
self in  this  fatiil  disease:  (t)  &  belief  that  cure  cannot  le  accom- 
plished; (3)  that  llic  mortality  of  radical  o|>eration8  is  atmo.it  pro- 
liibitory;  (3)  that  tlic  diagnosis  cannot  be  made  until  the  case  is 
liojjelL-sa.  In  rrfcard  to  the  first  njiison.  Mayo  cites  the  fact  that 
McDonald  found  43  cases  of  cancer  of  the  stoniacli,  iit  wliich  a  per- 
manent cure  was  effected  by  operation.  Murphy  collected  1S9 
eases,  in  which  the  operation  was  performed  by  several  operators, 
with  6  %  permanent  ciu^s  in  cases  of  over  three  years'  standing. 
Id  some  of  these  cures  the  patients  were  operated  upon  more  than 
two  years,  and  hence  would,  by  law  of  average,  survive  to  bring 
Ibe  percentage  up  to  8  %.  Beside  these  rccoveriee,  Kronlcin  has 
proved  by  his  statistics  that  human  life  is  prolonged  14  months 
over  the  mioperated  cases.  These  facts  are  in  striking  contrast  to 
ihe  uniformly  lOl)  %  mortality  under  medical  treatment.  The  second 
reason  "why  surgery  has  never  generally  entered  the  operative  field 
for  the  relief  of  gastric  cancer  was  due  to  the  high  moitality  of 
60  %  which  Billroth  published.  This  mortality  has  been  happily  re- 
duced to  10  %  by  improvement  in  technic  and  by  early  operation. 
If  the  operation  is  performed  before  adheaons  have  formed,  and 
by  men  thoroughly  trained  in  this  field  of  oi^rative  work,  the  mor- 
tality will  soon  be  even  leas  than  10%.  Mayo  has  had  41  case«  of 
exrision  of  the  stnmaeh,  with  a  mortality  of  17  %.  Out  of  the  total 
number,  13  were  peifonned  by  an  improved  method,  with  only  1 
death,  or  6  %,  while  in  the  last  1 1  cases  of  excision  of  the  stomach 
there  wa«  not  a  death,  or  the  mortality  zero.  The  mortality  has 
been  reduced  in  Uayo's  last  series  of  U  cases  t-o  zero,  from  60%, 
an  repotted  by  Jtillroth.  No  other  statistics  can  bo  adduced  to  show 
80  emphalicfllly  what  .lurgery  has  achieved  within  a  period  of  time 
that  b&s  elapsed  since  the  erection  of  thia  magnificent  building  in 
tbia  wonderful  exposition.  This  one  fact  alone  in  the  grandest  and 
most  strildug  proof  of  the  miraculous  work  which  8urger>'  has 
accompli»hed,  and  to  Mayo  is  due  the  credit  of  leading  the  world 
in  this  new  department  of  aurgery,  which  may  be  said  to  be  the 
highest,  the  final,  the  most  triumphant  monument  of  the  contri- 
bution of  surgery  to  the  human  race.    Here,  agsiu,  ia  another  strik- 
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ing  illuxtrution  of  what  surgery  bus  ttchicvcd.  It  haH  reduced  the 
morl-ality  of  an  operation  in  nartcer  of  the  stomach  from  60  %  to 
10  %.  find  in  a  limited  number  to  sero.  and  with  even-  prospect 
in  the  near  future  of  eveji  a  mortality  of  Icsa  than  10  %  in  u  larj^e 
series  of  cases. 

The  third  reason  why  surgery  has  not  invaded  this  field  lies  in 
the  fact  that  the  diagnoss  cannot  be  made  by  medical  nicuia  in 
tune  to  eiToct  s  cure.  Exploratory  incision  to  find  out  ia  recom- 
mended by  Mayo,  and  by  thi»  means  an  early  opnration  can  be 
perfonned  that  nill  be  attended  by  small  mortality  as  regards  the 
operation  it»;lf,  and  a  lurge  percentage  of  curc«  ajs  regardti  the  di»- 
eaae  itself.  Cancer  of  the  stomach,  as  a  rule,  ia  situated  near  the 
pylorus,  just  below  the  lesser  curvature.  Moynihan  states  that  from 
this  focus  it  spreads  widely  throuf^h  the  submucoea,  and  mpidly 
toward  the  cardia,  and  slowly  toward  the  pylonis.  Until  very 
recently  no  surgery  has  been  done  upon  the  stomach  for  cancer, 
for  the  reason  that  it  was  considered  a  bopclcsa  Uiaeasc.  Uurphy 
eoUected  18&  cases  in  which  radical  operation  was  done,  n-ith  26 
deaths.  Of  these,  17  patients  survived  three  years,  or  about  8% 
of  cures.  This  is  a  gain  in  the  right  direction,  since  all  patients  die 
without  operation.  This  8  %  of  euros  was  reduced  to  5  %  by  a  re- 
turn of  the  disease  aft(>r  three  years.  Kikulicz  in  1(10  cases  had  an 
average  duration  of  life  of  15  months.  The  patients  had  relief  from 
suffering  lit  Icatit  lo  mnnths,  and  there  did  not  follow  that  terriblfi 
suffering  so  chararteriatic  of  the  moperable  cases  of  cancer  of  the 
stomach.  The  reason  that  the  results  are  not  better  in  cancer  of 
Ihe  stoinui-h  is  owing  to  delay  in  operation,  and  when  that  obstacle 
is  overcome  the  results  will  be  brilliant,  compared  with  the  gravity 
of  the  discnso.  'Kmo  permits  of  adlieaiona,  and  when  the  opera- 
lion  is  resorttMl  to  twforc  adhesions  form,  the  mortality  is  v«ry 
much  lessened.  Thus  Haberkaul  had  a  mortality  of  73  %  in  cMes 
with  adht-aions.  and  only  27%  without  adhesions.  Gastrectomy 
was  done,  as  reported  by  Murphy,  in  Kappeler's  clinic,  with  26  % 
mortality,  Kronlein  with  28%  mortality,  Kocher29%,  Rous  33%, 
and  Mikulicz  37%  mortality.  Murphy  has  culled  attention  to  the 
prophylactic  treatment  of  cancer.  He  believes  in  the  removal  of 
ronditions  which  seem  to  be  essential  in  the  majority  of  cases  to 
the  development  of  the  disease.  Mikulicz  has  shown  that  4  % 
to  5  %  of  the  human  race  suffer  from  gastric  ulcer,  and  that  a  fifth 
die  as  a  result  of  the  gastric  ulcer.  The  other  factor  which  largely 
inQuencea  the  growth  of  cancer  is  the  pyloric  sleno^s  when  the 
stomach  cannot  empty  itself.  The  suggestion,  therefore,  is  the 
removal  of  gastrin  ulcers  by  excisinn,  and  the  relief  of  the  pyloric 
obstruction  by  gastroenterostomy,  and  these  prophylactic  opera- 
tions when  performed  coxly  arc  attended  with  a  comparati\-oly 
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II  mortality,  eliminates  the  possiWIity  of  cancer  of  the  stomach 
'arising  frum  these  two  important  and  freqiieut  causes. 

Partial  gaatret^tony  waa  twice  performed  by  Langenbuch  and 
published  by  liim  in  1894.  lo  both  cases  seven  eight  lis  of  the  stomach 
wae  removed,  In  iSdS  Kronlein  records  all  bis  own  cases  of  partial 
excisioD  of  the  stomach  and  Schlatter's  ease  of  complete  exdmon. 
There  were  in  all  24  cases,  with  5  deatha,  or  a  mortality  of  about 
20%.  Maydl,  in  1899,  reports  26  cases  of  caiicer  of  the  stomach, 
in  which  a  p^inl  gustroctumy  was  performed,  with  a  mortality 
of  16%.  Of  the  patients  who  recovered  from  the  operation,  7  had 
recurrence  very  soon  afterward,  and  the  average  diu'atiOD  of  life 
was  11.7  months.  lu  1S9S  Kochcr  has  reported  57  cases  of  resec- 
tion of  the  pylunu,  viilh  5  deaths,  or  a  mortality  of  8%.  In  the 
list  there  were  8  patients  cured.  Rydygicr,  in  l&OI,  reported  25 
partial  gaptrectoniiw,  iu  whii-h  8  patients  reco\'ered  and  17  died, 
or  a  mortality  of  68%.  Ciieriiy,  in  1899,  reports  29  partial  Ras- 
trectomies,  nvith  II  dcuthe,  or  a  mortality  Qf  about  40%,  and  the 
average  duration  of  life  wati  22  monthR.  Morisoii  reports  16  ciums 
of  partial  gastrectomy,  niCh  7  deaths,  or  a  mortality  of  about  43  %. 
Two  of  Moiison'i^  patients  are  still  living.  In  one  6  years  have  elapsed, 
and  in  the  other  about  4  years.  Mayo  reports  48  cases  of  partial 
gastreetomy  for  pyloric  eancer,  with  a  mortality  of  12.5  %,  and 
in  the  last  19  cases  there  was  only  1  death. 

Complfie  gaetredomy  was  firat  perfonnod  by  Cotmer,  of  Cinein- 
nati,  in  1883.  The  patient  died  upon  the  operating  table.  Com- 
plete gastrectomy  was  performed  by  Sclilatter  in  1S97.  The  patient 
lived  !3J  monthE.  Complete  gastrectomy  was  next  p*-rformed  by 
Brigham  in  ISQH.  Tlie  patient  recovered  from  the  operation.  Com- 
pleie  gMtrectomy  has  been  performed  12  times,  as  reported  by 
RobeoQ  and  Moynibiui.  Four  died  an  result  of  the  operiLtion,  or 
a  mortality  of  33%.  These  cases  are  too  recent  for  a  pronounced 
(^HDJoa  as  to  the  permanency  of  the  cure. 

Stirjftry  of  the  liwr  forni.s  a  unique  chapter  in  the  devcloptncat 
of  the  science.  Operations  upon  the  gall-bladder  and  biUary  ducts 
afford  the  most,  striking  illuBlration  of  what  modem  surgery  has 
achieved.  Within  the  \i&»\.  '17  yeant  tliia  new  opcxation  has  been 
performed  with  most  gratifying  results.  It  is  a  source  of  great 
national  pride  that  this  operation,  destined  to  relieve  so  much  in- 
tense suSering  and  to  .lave  life  itself,  was  diecovered  in  this  coun- 
try. To  Bobbs  of  Indianapolis  is  due  the  great  honor  of  the  dis- 
covery of  an  openilion  which  has  accomplished  these  two  bene- 
ficent results.  In  1867,37  years  ago,  Bobbs  performed  BUceesafuUy 
the  new  operation  of  eholecystotomy  and  removed  50  gnlt-stoDos 
by  an  inciaon  into  the  gall-bladder.  This  event  marks  an  epoch  in 
abdominal   8ur:gery   that   places  this  renoniicd    Western   surgeou 
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upon  a  pedestal  tliat  commands  homage  and  respect  from  the  civil- 
ised world.  Bobbe's  first  cholecystotomy  was  floon  followed,  in  1868. 
by  n  second  operation  by  annther  American  surgeon,  J.  Marian 
Sims,  who  remo%'ed  60  gall-stooeB  from  the  gall-bladder.  To  Tail, 
however,  who  was  ut  the  time  of  his  death  tho  greatest  authority 
on  hejMtic  surgery,  belongs  the  great  credit  of  perfecting  the  technic 
of  this  operation.  Exci^on  of  biliary  calculi  by  incision  iot'O  the 
umbilical  vein  was  porformod  by  Dr.  John  C  Warren  of  Boston 
within  the  century.  Huch  in  brief  is  the  historj-  of  the  operation, 
the  development  of  which  from  its  crude  to  its  almoBt  perfect  t«chnic, 
forntK  a  renmrki»b!c  chapter  in  surgerj-. 

Gall-slonea  with  integtinal  obHtniction  are  attended  under  med- 
ical treatment,  with  a  mortality  of  nearly  IO0%.  while  suiTeery 
hS8  brought  relief  in  a  pertain  proportion  of  cases  and  with  every 
encoupSKing  prospect  of  a  vor>'  great  improvement.  Courvoieicr 
reports  126  cases,  with  a  mortality  of  44%;  Schiiller  had  82  cases, 
with  a  mortality  of  56%;  Eve  2S  t-a-ies.  with  a  mortality  of  40%; 
and  Bannard  8  c&scs,  with  a  mortality  of  57%. 

Ckclccyelolomy  is  im  operation  which  conaifits  in  opening  the 
fcall-bladder  for  the  relief  of  variou."*  coMditinns.  Cholecystitis  or 
inflammAtion  of  the  gall-bladder  is  a  disease  that  was  formerly 
treated  by  medical  means,  with  Httlc  or  no  prospect  of  cure  if  septic 
infection  was  present.  In  those  cases  in  which  gangrene  or  pus  or 
rupture  has  occurred,  medical  treatment  is  attended  by  death; 
but  Hurgital  treatment  may  effect  a  cure  in  a  large  percentage  of 
casea.  Cholecystotomy  is  one  of  the  mogt  gratifying  operations 
in  surgery,  because  it  relieves  eiiffering,  effects  a  pprmiinent  cure, 
and  is  attended  by  the  exceedingly  low  mortality  of  less  than  3%. 
The  statistics  of  th«  operation  of  cholecystotomy  varies  greatly, 
owing  to  tho  special  conditions  for  which  the  operation  is  performed. 
Mayo  Robson  states  that  when  the  operation  is  performed  for  sim- 
ple disease,  as  gnll-stones,  when  malignant  cliscase  and  jaundice 
with  infective  cholangitis  are  absent,  the  mortality  in  2SI  cases 
was  only  1.06%.  If  now  the  complicated  cases  are  included,  such 
as  phlegmonous  cholecystitis,  gangrene  of  gnll-bladder,  infective 
cholangitis  with  or  without  gall-stones,  the  mortaliy  is  only  2.7%. 
If  further  the  malignant  cases  be  collected,  in  which  cholecysto- 
tomy has  been  resorted  to  in  the  presence  of  cancer  of  the  pan- 
creas or  bite-ducts,  the  mortaUty  of  the  operation  itself  in  22  cases 
was  only  6.8%.  As  regards  the  recurrences,  the  statistics  will  be 
mentioned  latter.  Mayo  reports,  in  1902,  227  cases  of  cholecysto- 
tomy for  various  simple  conditions,  cliiefly  for  gall-stones,  with  6 
deaths,  or  a  mortality  of  2.6%.  The  same  operator  reported,  in 
1903,  362  cholecystotomiea  for  simple  conditions,  with  8  deaths, 
or  a  mortaUty  of  2.37  %.    For  malignant  disease  the  same  surgeon 
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reported,  in  1902,  4  cholccystoloniies,  with  2  deaths,  or  50%  mor- 
lalily,  and  in  19(>3,  5  udditiunul  casen,  with  3  deiithK,  or  60  % 
mortality.  It  is  thus  evident  that  cholecyatotomy  in  attended  by 
a  high  mortiility  when  the  operation  is  performed  for  cEincer.  It 
must  he  remembered,  however,  that  the  mortahty  is  ICJO%  under 
medical  treatment.  The  mortahty  o£  100%  under  medical  treat- 
ment win  never  be  improved,  while  the  50%  or  60%  mortality 
under  surgical  treainient  will  be  reduced  as  diagnosis  and  lechiiic 
improve,  and  early  operation  is  performed.  Kehr,  in  1S96,  reported 
209  eholepystotomies  upon  174  patients.  In  the  simple  ehole- 
cyetotomies,  the  morlatily  was  only  i  %.  In  the  complicated  caaea 
the  mortality  was  5S.S  %.  In  a  later  aeries  Kchr  reported  202  clio- 
lecystotomies  with  32  deaths,  or  a  mortality  of  16%.  The  higher 
mortality  in  this  series  is  accounted  for  by  the  greater  severity  of 
Ihc  ca»e»  which  earlier  did  not  submit  to  operation.  In  conserva- 
tive eholoeyatotomies  Kehr  had  68  operations  with  three  deaths, 
or  a  mortality  of  4.4%.  Id  1902  Kehr  again  reported  his  statis- 
tics, which  consisted  of  720  operations  for  gnll-atoneS,  with  u  mor- 
tfiUty  of  16%.  In  the  simple  cases  of  cholecj'slotomy  the  mortal- 
ity was  2.1%,  and  in  the  complicated  criaes,  including  cancer,  the 
mortality  was  S7%.  Greig  Smith  reported  11  i?iniple  eholecysto- 
tomics  «ith  no  mortality,  and  one  complicated  case  with  death, 
or  12  cascti  in  total,  with  a  mort.ality  of  S.3.'l%.  Lnwson  Tait  re- 
ported 55  cases  of  cliolecystotoray  with  three  deaths,  or  a  mor- 
tality of  5.4%. 

Tiius  in  choice ystotomy  alone  is  an  operation  that  has  shown  a 
steady  improvement  in  its  .'rtatistics.  In  no  other  operation  is  a  greater 
contrast  Mwecn  the  medical  and  surgical  treatment  of  n  disease 
at  the  pri'scnt  day. 

ChoUcyvttctomy  is  an  operation  which  condets  in  excising  the  gall- 
bladder in  a  manner  somewhat  similar  to  the  removal  of  the  appen- 
dix. Ferrier  repurled,  in  1901, 16  cases  with  4  deaths,  or  a  mortality 
of  25%.  Courvoisier  reported  47  cases  with  12  deaths,  or  a  mortality 
of  25%.  Mnrtig,  in  1804,  collected  87  cases  of  removal  of  the  gall- 
stones with  15  deaths,  or  a  mortality  of  17.2%.  Mayo  Robaon  re- 
ports 28  cases  with  4  deaths,  or  a  mortality  of  14.2%.  Mayo,  in  1902, 
had  31  eases  with  :\  deaths,  or  a  mortality  of  9.6%, and  in  1003  had 
70  cases  with  3  deaths,  or  a  mortality  of  4.3%,  and  up  to  the  present 
lime  he  states  that  he  has  had  204  cases  with  a  mortality  of  4%. 
Kehr  reported  21  easea  with  I  death,  and  a  mortality  of  5%,  and 
later  another  list  with  the  mortality  of  3  %.  Thus  in  cholecystectomy 
is  another  ojjeration  that  has  shown  eleady  improvement  in  its 
statistics.  This  operation  affords  another  illustration  of  ihe  marked 
eocitrast  between  the  medical  and  the  surgical  treatment,  for  in  the 
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former  treatmont  no  euro  can  be  effected,  while  in  the  latter  tlie 
peroentfige  is  vei7  large. 

Cholcdocholomy  is  an  operation  vhicb  coDsists  of  opening  one  of  tJie 
biliary  duct-s  uiid  is  a  niurc  forntldable  oi>cruti<m  ihixn  ojHiDiag  tho 
gall-bladder.  Ferrier,  in  1803,  reported  20  caeoe,  with  a  mortality 
of  2b%.  Kehr,  in  1896,  reported  84  cases,  with  31  deaths,  or  a  mor- 
tality of  37.8%.  In  a  lattr  series  his  mortality  was  reduced  to  12.S%. 
Mayo  statcA  that  in  130  cases  of  benign  series  he  had  a  mortality  ol 
7.75%.  Mayo  Robaon  reported,  in  1901,  37  cases,  mlh  4  deaths,  or 
amonalityof  10%,  imd  Kince  1901  51  cases,  with  1  death,  or  1.9%, 
and  later  a  consecutive  series  of  52  choledochotomiGs  with  no  deaths. 
Choledoehotomy  Is  one  of  the  most  difficult  operations  in  surgery, 
and  tlie  advance  whicli  surgery  has  made  is  shown  by  a  referecce  to 
the  great  mortality  of  these  cases  for  which  this  operation  ia  per- 
formed, since  under  medical  treatment  suffering  wius  not  relieved 
and  death  often  eupen'ened,  whereas  under  surgical  treatment  the 
mortality  has  been  reduced  even  to  1.9%. 

Cholecyntadrrotomy  is  a  modem  operation  on  the  biiiarj-  passages, 
and  consists  in  establishing  a  new  coramunicBtion  between  the 
gnll-bladdcr  and  the  int'Cstinc.  Murphy  reported  23  cases  by  use  of 
HUlures,  with  S  deaths,  or  a  mortaUty  of  34%;  21  eases  by  Murphy's 
button,  with  no  mortality,  and  2  cases  for  malignant  disease,  with 
2  deaths,  or  »  mortality  of  100%. 

C/tolecystduodenotomy  has  been  performed  by  Murphy's  button  in 
07  non-malignant  cases  with  only  3  deaths,  or  a  mortality  of  about 
4%,  and  in  V2  malignant  caaes  by  Murphy,  10  died,  or  a  mortality 
of  83.3%.  Mayo  performed  cholecystduodenotomy  on  5  patients 
for  chronic  pancn'atitis  with  no  death,  and  4  times  for  cancer  with 
1  death,  or  a  mortality  of  25%. 

Pancreatic  disease  affords  a  Seld  for  the  display  of  what  modem 
surgery  has  acliicved  that  astonishes  the  scientific  world.  Kortc  hta 
computed  the  mortality  of  the  operation  for  the  cure  of  pancreatic 
cysts,  and  shows  that  Gussenbaur  was  the  first  to  operate  for  the 
relief  of  this  fntul  di-sua^e.  Previoue  to  Gusficnbuur's  operation, 
I  he  mortality  under  medical  treatment  was  100%.  In  the  84  cases 
rollected  by  Korte,  five  patients  died  as  the  immediate  result  of  the 
operation,  thus  ^ving  the  low  mortality  of  not  quite  0,6%.  This 
statoincnt  soems  incredible  and  affords  the  most  starllingly  unpre- 
eedejited  illuiitration  which  has  no  parallel  in  any  other  seience. 
This  operation  has  attracted  great  attention  in  the  scientific  world 
and  its  brilliitnt  and  unique  record  has  been  heralded  throughout 
Christendom.  Still  more  striking  is  another  report  of  15  cases  of 
complete  excision  of  the  cyst  of  the  pancreas  with  13  recoveries,  or 
a  mortality  of  about  13%,  and  in  7  additional  cases  the  extirpation 
has  been  only  partial,  since  some  of  the  cyst-wall  was  so  adherent 
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to  important  struct itrcs  thut  ittf  reino\'nt  wns  im|>09sible  and  'I  of  the 
liatients  died,  (hus  giving  a  mortality  of  57  %» wltit'Ii  in  contrast  to 
)00%  mortality  under  medical  treatment  is  a  great  advance,  though 
it  IB  admitted  lii»i  it  is  not  what  is  exi)e<:te(j,  since  »»  KH'linic  ini> 
proves,  the  operation  will  be  brought  perhaps  nearly  us  low  ns  dmple 
ovariotomy  in  the  fiitun;.  In  rvucuiitinn  and  drainage  nf  the  pan- 
cpeatip  cyst  there  have  Vxn-n  rotlerted  by  Tnkayaari  17  eases  with  I 
deatli,  a  tnortality  of  not  quit©  6%.  Mayo  had  5  consecutive  easos 
of  chronic  piincreaUtis  vfith  recovery  in  each  ciiae,  and  4  cusca  nf 
cancer  of  the  pancreas  with  1  deatli,  or  a  mortality  of  25  %.  Opera- 
linns  upon  the  ponereas  alTord  another  brilliant  example  of  the 
achievements  of  eurgcry  witliin  the  pa«t  few  ycani.  Mayo  Robson 
and  Moynihan,  in  1902,  reported  24  operations  for  the  relief  of  chronic 
pancreatitiB  with  2  deaths  and  complete  and  perfect  recovery  in  the 
22  remaining  caaea.  There  is  no  more  KlrJkinR  example  of  the  pro- 
grew  which  surgery  has  made  than  is  afforded  by  this  record.  In 
caneer  of  the  pnnerea!<.  which  is  always  fatal,  the  operation  has  been 
attended  by  about  50%  iiiorttiUty,andin  the  other  50%  the  patients 
have  survived  a  comparatively  short  period.  This  is  an  operation 
in  which  surger)*  in  the  future  will  have  a  belter  showing  just  as  soon 
as  the  methods  of  diagnosis  are  improved  so  as  to  operate  in  the  earEy 
■itagea  of  tlie  diMace.  Mayo  has  had  37  cases  of  ptmcn^iilic  dineiiM 
with  2  deaths,  or  a  mortality  of  about  5%. 

SuTfftnj  of  the  nplrm  oRers  an  illustration  of  the  progrcM  which 
eurgerj-  ha.t  iruule  during;  the  pitel  century.  The  caees  of  major  opera- 
tions upon  the  spleen  are  too  few  to  make  any  extensive  and  reliable 
atatistica.  The  pmgnosia  which  is  most  markerl,  and  which  interests 
us  in  connection  with  the  subject  of  this  address,  jihnws  improve- 
ment each  yejir.  Thus  Murphy  shon-s  that  in  1890.  in  the  operated 
casoi.thc  mortality  wh»  70%.  In  1897  the  mortality  wa,i  37%.  In 
1809  the  mortality  was  26  %.  Thesefigures  arc  unsatisfactory, except 
to  point  out  tliat  in  this  now  department  of  surgcn,'  great  tidvnncc  is 
made  each  year.  Fevrier  grouped  under  four  heads  the  surgical  con- 
ditions in  the  spleeii  that  call  for  operative  interference.  They  are 
traumatism.  iib^cecH,  tumors,  and  disphicements.  As  the«e  coudi- 
tioiis  were  nearly  all  fatal  without  surgicat  intervention,  U  is  inter- 
esting to  inquire  what  surgery  has  accomplished  in  this  new  field. 
Fevrier  colle<rted  Sfi  cuscb  of  rupture  of  the  spleen,  in  which  splen- 
ccloniy  was  performed  46  times,  with  23  roeoveiies,  thus  giving  a 
mortality  of  50%.  There  wore  8  cases  of  stab  and  gunshot  wounds, 
with  3  deathfi.  or  a  mortality  of  3()%.  Abscesses  and  hydatid  cysts 
have  called  for  operative  interference,  but  there  are  no  reliable 
statistics  on  the  results.  Malarial  splenomegaly  was  operated  upoa 
117  times,  with  31  deaths,  or  a  mortality  nf  2B%.  Displacements 
of  the  spleen  have  been  operated  upon  by  spenoctomy  and  by  spleii- 
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opexy.  Cases  of  wctirpation  of  a  tnovabic  spleen  hnvo  bwjn  collected 
by  Stierlin,  who  shows  that  the  mortality  is  now  only  6.26%,  Splen- 
ectomy iu  ecliiiioGoccus  of  the  aplecn,  according  to  Bcsael-nagen . 
previous  to  1890,  was  attended  with  o.  mortality  of  60%,  and  from 
1891  to  I'-KJO  thtr  mortiility  waa  reduced  lo  10%. 

Tuberculous  perHotiilis  haa  been  taken  out  of  the  rvalm  of  tntem»l 
medioine  and  transferred  to  clinical  surgerj-.  It  has  now  become  nn 
eatablished  routine  of  practice  that  laparotomy  is  juatifiable  in 
eaaes  of  ascites  in  which  the  etiology  does  not  depend  upon  dieufttx- 
of  the  liver,  kidney,  or  heart.  The  metliod  of  invasion  of  the  bacilli 
in  their  attack  upon  the  peritoneum  varies  in  difTerent  cases.  The 
buciUl  in  rare  instunces  may  gain  entrajiuf  through  a  perforation 
from  a  tuberculous  intestinal  uleer.  or  from  a  purulent  tuberculous 
vaginitis.  Again,  the  peritoneum  may  become  infected  through  a 
perforating  tubcrcuJou*  appendicitis,  or  from  a  lubercubus  ovary, 
or  fallopian  tube.  V^lUiams.  of  the  Johns  Hopkins  University,  has 
shown  that  from  40%  to  50%  of  the  cases  of  tuljerculniis  ijeritonitis 
can  be  traced  to  tliis  origin.  Abbe  has  demonstrated  that  about  66% 
of  the  cases  of  tuberculous  peritonitis  arc  due  to  infection  of  the 
thoracic  lymph-nodes,  and  in  only  16%  is  Mitrance  gained  by  the 
metiwuteric  glands.  It  is  thus  evident  that,  while  10  %  of  the  cases 
of  tuberculous  peritonitis  can  be  explained  by  infection  through 
the  alimentary  canal  fn)m  milk  or  other  kinds  of  infectet!  food,  th« 
great  proportion  is  due  to  infection  from  the  thoracic  lymph-nodes. 
There  is  httic  doubt  but  tuberculous  jwritonitis  may  arise  as  ft  sec- 
ondary afTerlirm  following  tuberculoids  of  the  intestinal  canal.  Here 
again  inhibition  of  infected  milk  and  meats  play  an  importuit  r61c. 
The  entrance  of  tuberculous  sputum  into  the  stomach  in  those 
affected  with  pulmonarj*  tuberculosis  explains  intestinal  and  peri- 
toneal infection.  The  latter  method  of  invasion  is  considered  a  fre- 
quent cau.se  of  peritoneal  tulierculosis.  The  presence  of  tuberculous 
ulcers  in  thestomaeh  In  phthisical  patientswho  subsequent ly suffered 
from  inteMinu]  tiibcrciilosia  has  been  thus  explained  by  the  investi- 
gation of  Klebs,  Many  experiments  upon  loiver  animals  which  were 
fed  by  food  containing  tuberculous  sputum  and  frflgmeuts  of  tuber- 
culous lung  have  proved  beyond  doubt  that  inlestinul  and  peri- 
toneal tuberculosis  can  arise  in  this  way.  It  is  a  Grange  clinical  fact 
that  Inpnrotnmy  for  the  cure  of  this  disease  hns  become  e,?tabli9hed 
ae  a  recognized  procedure  through  errors  of  diagnosis,  Sir  Spencer 
Wells  cured  a  case  of  tuberculous  peritonitia  fay  a  laparotomy  per-  ■ 
formed  under  the  supposition  that  it  was  nvHrian  diseajie.  Lapa- 
rotomy, however,  as  a  curative  measure,  was  first  introduced  by 
Dr.  Van  de  Warker,  of  Syracuse,  N.  Y,  He  blundered  upon  a  case 
of  tuberi'ulosis  of  the  peritoneum,  under  the  suppn-dtion  that  he  was 
opcratiag  for  the  cure  of  &  case  of  hydrops  of  the  peritoueum.   Dr. 
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Van  <Je  Warker  prewnted  this  cose  «l  ft  mneting  of  the  New  York 
Stftt«  Medical  Association  in  1883.  From  this  time  on,  the  operation 
of  laparotomy  for  the  curR  of  tuberculosis  of  the  perituncum  has 
been  practiced.  The  operation  lias,  however,  been  mollified  from  year 
to  jTAr;  but  most  sui^cons  still  adhere  to  the  simple  operation  at 
firol  devtscii  by  our  Aotericati  eurgoon.  As  rcKardii  the  result  of 
laparotomy  for  the  cure  of  tuberculous  peritonitis,  surgeons  <Uffer 
I.ir:gely  in  their  statistics.  Parker  Synis  shows  that  soino  claim  X0% 
of  cures,  while  olhere  24%.  Marked  improvement  follow*  in  80% 
of  the  caae«,  and  the  mortality  of  the  operation  is  only  about  3  %. 
Syms  concludes  that  it  is  safe  to  efltimate  thai  30%  of  the  cases  of 
tuberculous  periloDitis  are  pennmicnlly  cured  by  laparolomy. 

In  euppurative  peritoQitiH  surgery  has  opened  up  s  new  fk-Id 
within  the  past  few  years.  The  operation  of  inciwon  into  the  peri- 
loaesl  cavity  has  effected  cures  in  a  class  of  cases  that  heretofore 
were  uniformly  fatal.  Murphy  reports  7  recoveries  out  of  9  caiHui,  or 
77%  of  ropoveries  in  diffuse  suppurative  peritonitis  following  ap- 
pendicitia,  while  Dennis  has  had  1 1  cases  of  diffuse  suppurative 
peritonitift  without  a  death. 

The  radical  curt  of  hernia  presents  one  of  the  most  forcible  illustra- 
tions of  the  onward  march  of  surgerj'.  Coley  reports  10<)3  operaljona 
with  a  mortality  of  less  than  a  fifth  of  1  %,  and  with  relapses  of  less 
than  a  t«nth  of  1  %.  When  it  is  considered  that  nearly  one  person 
in  every  20,  and  even  by  nome  statisticians  one  to  every  eight,  pcreons 
is  bom  vith  a  rupture,  and  theae  patients  must  wear  trusses,  Iho 
bane  of  human  existence,  and  iphich  are  as  necessary  to  the  comfort 
and  Rafcty  of  the  patient  an  a  xplint  is  to  a  fractured  leg,  the  untold 
blefwdngs  of  thia  one  contribution  of  surgery  to  the  human  race  lie- 
come  striltinfTly  apparent.  In  other  words,  surgery  offers  to  the 
thouaunds  affected  in  tliis  way  n  sure,  jKrrfoct,  and  safe  cure,  and  with 
the  complete  elimination  of  the  tine omforf. able,  inconvenient,  often 
painful,  and  somefimcfl  dangerous  inslnimcnt  of  barbaric  limes,  the 
truss.  What  aaeptic  surgery  has  accomplished  for  the  human  family 
in  the  relief  of  llus  one  distressing  and  common  condition,  no  one  i-aii 
appreciate  except  he  who  has  been  the  recipient  of  thj-i  blessing 
offered  to  him  by  the  science  of  surgery.  Until  recently  great  ex- 
pfsi«cwn»  incurred  un'l  timeconsumcd  in  fitting  trusses.  Maoyof  theae 
patients  died  n-^  a.  ri^ult  of  strangulated  heniia,  which  fonnerly  had 
a  roortality  of  over  50  %.  Now  the  possibility  of  atrangiilated  hernia 
is  eliminated  and  a  radical  cure  effected  with  less  than  1  %  mortality 
and  1%  rcliipse.  Perhaps  one  of  the  most  forcible  argument*  to 
■how  th«  effect  of  certain  improvements  in  the  t«chnic  of  surgical 
operations  ia  demontft  rated  by  the  use  of  rubber  g1o\'es.  In  1 13  cases 
of  hernia  operated  upon  at  the  Johns  Hopkins  Hospital  prior  to 
1896,  there  were  28  castM  of  suppuration  in  the  wounds,  or  24  %, 
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while  in  226  cues  of  the  name  operation  with  rubber  gloveu  upon 
the  surgeons'  haiida  there  were  4  cases  of  suppuration,  or  a  fractioa 
over  1  %. 

In  umbilical  hemia  Mayo  hmi  devised  an  operation  that  offers 
relief  to  those  paticotH  who  beictofore  followed  a  life  of  constant 
suffering  and  danger.  Mayo  iirut  |icrfurmvd  his  uvcrlnppiug  operation 
in  1895,  and  in  a  series  of  50  cat-et  there  was  no  mortality  and  no 
relapses  except  in  which  the  rolapso  was  only  a  partial  stretching. 

The  opm-alwn  jor  tJie  relief  of  acute  appendicUi*  is  clearly-  traced 
10  the  work  of  American  surgeone.  In  1843,  Willard  Parker,  and 
later  Gurdon  Burk,  did  much  In  explain  the  naturr  of  theep  iliac 
iiillnmniations,  and  Sande  cleared  the  way  for  the  perfected  operation 
o£  McBurney,  which  aims  to  prevent  these  daogeroug  peritoneal 
in  Humiliations,  and  tu  prepare  the  wound  for  awptic  healing.  iNuids 
atso  first  operated  with  success  after  perforation  had  taken  place 
arid  general  peritonitis  was  present.  To  McBurney  is  due  great 
cnrdil  for  the  perfuciiou  of  this  operation,  which  i»  now  n-cogniecd 
throughout  the  world  as  the  best,  safest,  and  most  scientific  way  of 
mniingiiig  these  varieties  of  siippuratioa  hitherto  so  fatal.  The 
o[Jcrmion  of  removing  the  apjx'ndix  verniiformis  during  (he  quiescent 
period  between  rrliipsing  iittacks  was  suggested  by  Sir  Frederick 
Treves,  of  London,  although  the  apiiendix  was  succes-sfully  removed 
in  this  country  by  Dennis  in  1S87.  In  this  case  the  appendix  was 
diseased,  owing  tu  udheeionB  to  aii  uvitrian  tumor. 

The  surgery  oj  Ike  appendix  is  must  interesting  with  a  view  to  a 
study  of  what  surgery  of  the  past  century  has  accompLshed.  There 
is  probably  no  surgical  discjtse  about  wliich  »o  much  has  been  wrilteo 
as  appendicitis.  The  subject  is  trite  and  threadbare  in  many  respects. 
There  is  little  to  be  learned  in  regard  to  the  etiologj",  symptomatology, 
tind  diH^nonLs  of  the  dl^ea.-se.  The  operative  technic  can  Ixr  but  Uttle 
improved  upon  in  its  present  state  of  |>erfoction.  The  mortality 
under  proper  iintiseptic  and  aseptic  condition.i  is  so  low  that  in  (he 
nature  of  the  dinease  it  nnll  never  in  all  probability  be  brought  much 
lower.  The  percentage  in  these  days  of  aseptic  surgery  in  this  ab- 
dominal operation  ta  Iet<.s  than  the  percentage  in  the  simple  amputa- 
tion of  the  finger  in  the  preantiseptic  days.  It  would  seem  that 
surgery  had  reached  its  climax  in  regard  to  mortality  in  opcratioo 
for  the  relief  of  ajifM-ndicitis.  yet  the  time  will  never  come  when 
there  will  be  no  death-rate.  Complications  are  certain  to  arise  that  are 
beyond  the  control  of  the  surgeon.  CnirnI  thrombosis,  intestinal 
obstnicLion,  acetonemia,  emboUaru.  shock  of  operation,  inlereurrcnt 
affections,  all  afford  examples  to  show  that  some  mortidity  must 
always  exist.  If  a  fraction  of  a  per  cent  can  he  gained  in  the  reduction 
of  the  mortality,  it  is  an  advance  in  the  right  direction.  The  ex- 
perience of  surgeons  during  the  past  few  years  has  domonstrated  new 
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methods,  baa  p(»uted  out  new  ways,  and  baa  discovered  new  facts,  all 
of  whicb  teed  to  reduce  (he  mortality.  It  seems  now  the  only  tiling 
that  is  Ifift  in  to  cninbine  the  varioiiR  views  of  experienced  surgeons 
into  fiome  unifonn  plan  of  treatment,  in  order  to  produce  the  best 
results.  Thu  mortality  in  appendicitis  in  nil  cases  under  medical 
treatment  Ls  about  16%,  with  30%  of  relapsc^fi,  while  in  (liffui>e 
suppurative  peritonitis  it  is  almost  uniformly  fatal. 

The  tnoH'Ulity  in  npp(^dicitis  in  itll  cases  under  siirj;icitl  treatm^nb 
is  about  4%, and  with  no  relapses,  and  in  di Suae  BUppuralive  peri- 
tonitis the  mortality  in  published  etatisticB  is  from  31  %,  the  lowest, 
to  91  %,  the  higHeitt,  and  in  my  1 1  consecutive  cams  of  diffuse  sup- 
purative peritoniliB  the  mortality  was  zero. 

Ochsncr  has  recently  contribut-ed  some  statistics  from  his  own  op- 
erations during  one  year,  which  reflect  great  credit  upon  his  excellent 
work.  In  the  acul«  there  was  a  mortality  of  3%,  and  in  the  chronic 
eases  there  was  a  mortality  of  1  %.  In  the  entire  number  of  cases, 
both  acute  and  clironic,  there  wn.s  a  mortality  following  the  opera- 
lion  of  2%.  Dcaver  has  also  rcL'cntly  contributed  some  etatisties 
from  his  own  opcrationn  extending  ovrr  a  period  of  one  year,  which 
likewise  reflect  great  cr«?dit  upon  his  .turgioal  skill.  In  the  cases  of 
general  diffuse  peritonitis  there  was  a  mortality  of  31  %.  In  the 
caaca  in  which  there  was  nbarewi  there  was  a  mortality  of  12%.  In 
the  cases  in  which  the  disease  waa  confined  to  the  appendix,  with 
stricture,  uleeratitin,  and  necrosis  of  the  mucous  membrftnc,  there  whs 
a  mortality  of  0.8%,  and  finally,  in  all  the  cases  operated  upon,  the 
to4al  mortality  was  5%.  Richardson's  published  statistics  are  prac- 
tically the  aame,  and  the  result  of  these  varioua  operators  gives  an 
idea  of  what  surgery  lia.s  aeromplished.  In  a  study  of  the  last  119 
coses  of  appendicitis  occurring  in  my  practice  up  to  April  1,  1903, 
the  mortality  of  the  disease,  irreapeptive  of  operation  or  of  any 
special  planof  treatment,  was  a  little  over  1.5%,  In  the  cases  treated 
without  operation  in  which  the  attack  w-as  a  mild,  catarrhal  one, 
and  in  which  the  patients  were  not  operated  upon  during  the  attack, 
the  mortality  was  sero.  In  this  group  of  cases  in  which  conservatism 
waa  employed  for  special  rcai^ons,  the  appendix  was  in  many  cases 
subsequently  removed  owinR  to  repeated  attacks,  and  the  mortahty 
wait  zero.  In  the  group  of  cases  in  which  the  appendix  was  gangrenoua 
and  had  ruptured  into  the  peritoneal  cavity  with  a  general  peritonitis, 
of  which  there  wore  11  cases,  the  mortality  was  zero.  In  the  eases  in 
which  there  was  an  acute  perforative  appendicitis,  and  in  which  the 
appendix  was  gangrenous,  and  found  in  a  circumacribed  abscess 
cavity,  the  mortality  was  7  %.  If  now.  in  this  group,  all  the  operative 
cases  arc  collcrted,  Ixith  acute  and  chronic,  the  death-rate  %vas  2%. 
If  the  two  fatal  cases  in  the  entire  list  of  119  cases  arc  eliminated, 
which  were  hopeless  from  the  start,  but  which  were  operated  upon 
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bccAUM  it  was  offering  the  only  possiblu  chance  of  life,  forlorn  ss  the 
prottpect  wait,  the  mortality  of  the  disesBe  vrna  lero.  The  mortality  of 
the  opcTfltioa  both  for  acute  and  chrome  appendicitiB  n'&s  aleu  nero. 
Suck  CAMS  M  the  two  in  wliich  dvuth  occurrc-d  will  ulwuvs  happen,  and 
u-ilt  alwa^'s  prevent  the  absence  of  morlulity  in  the  dtKease.  In  other 
^^ords,  if  the  two  fatal  cases  are  eliminated  on  the  ground  that 
Burgt-ry  is  powerless  to  save  when  complications  such  as  empyema 
and  ahecesd  of  the  lung  exixt,  the  mortality  in  the  niedioal  and  oper- 
5tive  treatment  of  thim  disease  in  117  consecutive  cases  was  zero. 
The  two  deaths  whicli  make  the  mortality  of  the  upemtion  in  all  eases 
about  2%,  wliich  in  itself  ts  tneigniGcant  when  the  nature  of  the 
disease  is  contddered,  deserve  epocial  consideration. 

Richardson, of  Boston,  report. ■<  574  appendectomies  in  thointcrvu], 
niih  no  deaths.  Mayo  has  had  166S  cases  in  the  interval,  with  two 
dflaths,  one  from  pneumonia  secondary  to  an  intcrciirrcut  attack 
of  giip,  and  tlie  other  to  surgical  kidney  following  the  uae  of  catheter 
in  an  enlarged  prostate. 

Acute  inicstituU  obstruciion  is  a  condition  in  former  yearn  almost 
universally  fatal,  while  to-day  surgery  has  afforded  relief  in  this  dis- 
ease. Thus  Wiggins  gives  a  mortality  of  67.2  %  for  laparotomy.  Kx- 
cluding  cUHCs  in  which  either  the  operation  was  abandoned,  the  bowel 
incised,  and  an  artificial  opening  made,  resection  attempted,  or  aa 
anostomosis  cfTeetcd,  there  are  45  cases,  in  which  24  resulted  fatnlly, 
or  a  mortality  of  53.4  %.  Counting  only  the  operations  that  have  boea 
performed  since  1889,  and  thromng  out  those  cases  in  which  the 
operation  was  not  completed,  we  have  a  total  of  IS  eases,  of  which 
14  were  successful,  and  4  uusutcesaful.  ^ving  a  mortality  of  only 
32.2  %.  This  Wiggin  holievcs  to  he  a  fair  extimutc  uf  the  risk  to-day 
of  laparotomy  performed  in  a  young  infant  for  the  relief  of  this  con- 
dition, if  performed  n-ithin  the  lirst  48  hours  of  the  onset,  lliis  gives 
a  chance  of  succiws  represented  by  78%,  which,  accorc^ng  to  this 
author,  would  speedily  rise  to  90%,  as  the  patients  cume  more  fre- 
quently to  operation  during  the  first  24  hours. 

Cancrr  of  the  houxd  is  a  uniformly  fatal  di.sense.  The  recent  advoncesj 
in  surgery  have  been  the  means  of  saving  some  of  these  patients. 
Mikulicii  and  Korte  have  each  reported  12  cases  of  operations  in 
which  9  of  thei%  cases  had  no  return  after  four  years,  which  is  equal 
lo  37  %  of  permanent  cures.  Dennis  operated  upon  a  patient  with 
cancer  of  the  cecum,  resecting  six  or  seven  inches  of  the  bowel,  and 
subsequently  making  an  anastomosis  with  Murphy's  button,  "nie 
patient  ig  now  perfectly  well  after  a  lapse  of  many  years  sinee  the 
ofjeration. 

Laparotomy  was  performed  by  Dr.  Wilson,  in  1831,  for  the  relief 
of  intussuseeption.  The  patient  was  a  negro  slave,  and  had  suffered 
from  inlesUnal  obstruction  for  17  days.    The  abdomen  was  opened, 
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the  intiisKUBcoption  was  found,  and  it  was  drawn  out  and  released, 
and  the  pmient  made  a  complete  recoverj"- 

In  18l>9  Physick  was  the  first  to  ligale  the  6peron,  when  no  urti- 
6ciaJ  opening  had  been  made  in  the  intMtine  on  account  of  patho- 
logic changes.  In  1S47  Grow  tirgcd  the  excision  of  a.  section  of  the 
intestine,  with  suturing  of  the  divided  ends,  with  a  view  to  establish 
the  continuity  of  the  canal,  but  the  pMicnt  refused,  and  in  1S63 
Kinluch,  of  Scjuth  Carolina,  accnmphshcd  this  result.  In  m34 
Lusenberg  laid  opeii  a  stran^ated  hernia,  found  it  gaogreaotis, 
excised  the  mortified  section  of  the  iatCBlinc.  stitched  the  serous 
sutfaces,  and  the  patient  fully  recovered.  This  f>anie  nurgeon  liug- 
geeted,  in  1S32,  exclusion  of  light  to  prevent  pittiug  of  small-pox. 
The  operation  of  laparotomy  for  the  trcutment  of  ponetrnting  gun- 
shot and  slab  wounds  of  the  peritoneal  cavity  was  the  work  of 
American  surgery.  Grose,  in  1S43,  and  Situs,  ju&l  before  bis  death, 
both  suggest  cil  I  hi*  method.  Imt  the»e  surgeons  never  practiced  this 
method  of  treatment.  It  remained  for  Bull,  of  New  York,  to  make 
the  practical  application  ot  the  method,  and  to  him  is  due  the  credit 
of  tliiit  great,  advance  in  surgery.  It  is  a  sourcf*  of  national  pride  that 
laparotomy  in  penetrating  wounds,  and  visceral  injuriea  of  the 
abdomen,  was  conceived,  developed,  and  perfected  in  America.  The 
widen preatliiig  influence  of  this  operation  ia  felt  in  abdominal  surgery, 
and  much  of  the  present  advance  is  the  result  of  Bull's  surgery. 

CaTKtr  of  the  jvctvm  is  a  disease  which  was  formerly  uniformly 
fatal.  Modern  surgery  haa,  however,  rescued  many  of  these  unfor- 
tunate netims  from  a  most  distressing  and  painful  death  due  to 
inanition,  hemorrhage,  and  exhaustion.  Taking  the  three-year  limit 
as  a  point  when  it  can  be  fairly  stated  that  a  return  ia  rare  after  an 
operation.  Kronleln  collected  6-10  cases  with  a  cure  of  14  %  of  over 
three  years'  lapse  of  lime  from  the  operation.  Cacrny,  BerKmann, 
Kraskc.  and  other  surgeons  report  from  20%  to  30%  of  permanent 
cures,  and  Kocher  has  had  as  high  as  sn%  of  permanent  eures.  The 
statistics  of  Kocher  will  be  even  improved  upon  aa  technio  is  per- 
fected  and  early  opcmtJon  performed. 

The  fir*it  and  only  nuccessful  case  of  laparotomy  for  the  relief  of 
perforation  of  the  intestine  during  the  progress  of  typhoid  fever  was 
perfornwd  in  ihifi  countrj-,  and  to  I>r.  Weller  Vim  Hook  of  Chicago 
it  due  the  credit  of  having  first  established  an  operation  for  the  relief 
of  these  cases,  which  hitherto  were  fatal. 

Perforation  in  ii/phoi4  fever  has  given  rise  to  an  oi>eration  for  the 
relief  of  fatal  suppuraliw  peritonitis.  This  operation  is  one  of  the 
most  signal  triiimph»  in  modem  surgery.  In  1884 1.eyden  suggested 
and  Mikulicx  performed  the  oiwration.  Haggard  collected  295  cases 
in  which  operat  ion  was  done  up  to  May  1 ,  1  OO.'J.  Haggard  states  that 
SOO.OOO  cases  of  typhoid  fewr  occur  in  this  country  alone  every 
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ytar  wilh  a  mortality  of  about  10%  to  15%,  Thus  50,000  to  75.000 
p&ticnts  perish  unnunlty  from  ihie  disease.  Ostor  stfltes  that  a  third 
of  the  dctiths  in  typlioid  occur  aa  a  result  of  perfonition  und  "Taylor 
thus  e^imateD  that  25,000  deaths  occur  yearly  from  this  accident. 
On  n  busis  of  a  poseibte  30  %  recover)'  by  ojjcrativc  int'Orference  he 
further  concludes  that  7500  persons  perisli  in  the  Unit«d  States 
each  year  «'ho  might  be  saved."  The  mortahty  of  perforation  in 
typhoid  h  csiimAtcd  by  Murt-hieun  at  00%  to  0&%,  and  Osier  eays 
that  "he  could  not  recall  a  single  patient  in  his  experience  that  had 
recovered  nftcr  perforation  had  occurred."  Harte  has  shown  that  iho 
mortality  has  oleadily  decreased  as  earlier  opvrutioiiG  were  per- 
formed and  technic  improved;  thus  in  277  cases  in  suoceiisive  inter- 
valB  the  mortality  was  as  follou's: 

1884  to  IS89.    lOcwHMii  mortality DO.O  % 

1590  t<t  ISft3.    16     "  ■' 87.6% 

lS94t"  IN9X,  im     "  ■•         "4.5% 

Hmto  IIMK.  141     "  "         66.6^ 

Duodenal  ulcer  has  boeu  operated  upon  with  great  success  and  is 

iiaignal  illufit ration  of  uhat  modem  surger}-  has  accomplished.   Mayo 

operated  upon  56  patients,  in  which  6  of  the  operations  wore  for  Uie 

relief  of  acute  condition,  with  3  deaths,  or  it  morlaUly  of  50  %;  uod  50 

operations  for  the  relief  of  chronic  condition,  with   1  death,  or  a 

mortality  of  2%.    This  nperation  marks  an  important  epoch  in  the 

history  of  surgery,    Wheu  the  nature  of  the  lesion  is  considered,  the 

record  is  a  most  brilliant  one.    The  difficulties  of  the  diagnosis  can 

only  be  appreciated  when  it  is  considered  how  similar  are  the  symjv 

tonifi  of  duodenal  ulcer  wilh  pyloric  ulcer,  gastric  ulcer,  Kall-slones, 

and  other  neighboring  lesions.   A  few  years  ago  there  was  no  surgeon 

who  was  bold  enouKh  to  attempt  this  life-saving  operation.     The 

uncertainty  of  the  diagnosis  and  the  frightful  niortaUty  that  would 

have  euifucd  made  this  operation  for  the  relief  of  duodenal  ulcer 

impossible. 

Penetrating  wounds  oj  the  abdomen  are  treated  at  the  present  time 

by   an  exploralory   laparotomy,  the   value  of   which   operation   is 

evident  by  statistics  reported  by  Posteraski  in    1S91,  in  which  he 

demonstrated  that  60%  to  70%  of  645  cases  of  penetrating  woimd? 

of  the  abdomen  terminated  fatally,  while  the  mortality  was  100% 

when  the  abdominal  viscera  were  injured.    In  a  later  series  of  pene- 

tRiting  abdominal  wounds  there  were  36  imcomplicat«d  cases,  in 

which  the  patients  were  treated  by  exploratory  laparotomies;   all 

recovered,  and  22  caaea  of  penetrating  wounds  of  the  aMomen 

associated  with  intra-abdominal  injury,  in  which    12  patienis  re- 

I'overed. 

Rujiture  oj  tfie  intestine  affords  another  strifeing  illustration  of  the 

progrewfl  of  surgery.  Sicgel  has  collected  532  eases  in  patients  treated 

without  operation  and  the  mortality  was  55.2%,     In  376  cases  in 
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which  operation  wa*  done,  the  mortality  was  51  %.     This  does  not 

seem  so  great  a  triumph  for  surgery  as  ought  be  expected,  yet  if 

these  statistics  are  carefully  gone  over  it  becomes  evident  that  tbe 

mortality  la  due  to  a  cause  which  in  tlic  future  can  he  obv'iatud. 

Aggressive  tiurger>'  can  do  much  in  these  serious  cases  if  operation 

is  not  postponed  too  late,  as  shown  by  ^nn,  and  as  lor  example: 

CoMS  oponitod  firat  4  hours,  niortalitv   lli.'i% 

•'  "  5  to  8  houn.  uiortality 44.4  % 

910  13      "  "         63.6% 

lAter 7U.7  % 

Rupture  of  the  atomath  has  Iteen  cured  by  laparotomy;  lluis 
Petry  found  44:.&  %  of  recoveriee  in  18  patients  operated  upon  within 
24  houre  after  the  injury,  and  25  %  of  rocnvcrics  in  24  patients 
id  upon  more  than  24  hours  after  niplure. 
Oangrenf  of  the  inlfstinc  forms  an  indication  for  rcsootion  of  a  seg- 
mejit  of  the  inlestinp  and  offers  a  prospect  of  recovery  in  a  riass  of 
caaes  otherwise  fatal.  Thu.^  Roswell  Park  resected  S  ft.  0  in.  of  bowel 
for  tbo  relief  of  a  gangrenous  condition  nnd  the  patient  recovered. 
The  same  syrReon  asjannliled  from  surreal  literature  16  additional 
caseA  in  which  over  2O0  cm.  of  bowel  were  resected  with  H  recoveries, 
or  80%  of  cures,  or  a  mortality  of  17%.  A  singular  fact  recorded 
by  Park  is  that  when  from  ICK)  em.  to  200  cm.  was  removed,  the 
mortality  wasBO'^f,. 

Subphrenic  abeee»ii  is  another  serious  condition  which  terminates, 
as  a  rule,  fatally;  but  in  which  surgical  intervention  has  been  fol- 
lowed in  a  certain  percentage  of  cases,  thus  Maydl  records  74  opera- 
tions with  39  recoveries,  and  S6  deaths,  or  a  mortality  of  47.2%. 

Otianotomjf  forms  a  new  milestone  in  the  marvh  of  surgery.  In  all 
probability  the  moirt  important  surgical  event  that  has  ever  hap- 
pened in  this  countiy  and  the  world,  was  the  conception,  birth,  and 
development  of  ovariotomy.  To  Ur.  Ephraim  McDowell  of  Dan- 
ville, Ky.,  belongs  this  great  honor.  In  1809  ho  was  the  first  one  to 
perform  this  unique  and  original  operation  which  haa  made  his  name 
immortal.  The  far-reaehing  influences  that  have  proceeded  from 
lliiH  step  are  incalculable.  Dr.  McDowell  is  to-day  recognized  as  the 
ori^nator  of  not  only  one  of  the  greatest  operations  in  surgery,  but 
abo  as  the  author  of  an  operation,  the  influence  of  which  has  made  it 
poseibie  to  develop  the  present  wide  field  of  abdominal  surgery. 
licDowell's  work  will  live  in  the  memory  of  thousands  in  this  land, 
and  will  be  honored  the  world  over  as  longas  time  endures.  In  1821 
Dr.  Nathan  Smith  performed  ovariotomy  in  Coimecticut,  and  with- 
out the  knowledge  that  it  had  been  performed  by  Mcl>owcII:  Smith 
dropped  the  pedicle  into  the  abdominal  canity  and  thus  made  a  great 
advance  in  McDowell's  operation.  In  1S23  Allan  O.  Bmith  also 
performed  an  ovariotomy  in  Kentucky,  and  David  L.  Hodgers  in 
New  York  in  1829.    All  these  cases  of  ovariotomy  were  euccesErful. 
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It  yn»  seven  years  after  thin  last  Americ&n  operation  before  ov&rio- 
tomy  was  first  performed  iu  England,  and  nearly  15  years  before 
ovariotomy  was   finit  performed   in  Friincc.     In   1870  T.  Gailliird 
Thomas  firnt  davisetl  and  jicrfurmed  successfully  a  v&ginal  ovario- 
tomy.   Iu  1872  Dr.  Davis,  of  I'eniiBylvania,  performed  successfully 
the  same  opomtiun,  folluvrcd  in  1873  by  Gitmore  of  Aliilmmn,  and 
in  1874  by  Batt<5y  of  Georgia,  and  later  by  Siins.    In  1872  Baltey 
performed  his  first  oophoreclomy,  "  with  a  view  to  eatabtifih  at  once 
the  change  of  life  for  the  cffoftiial  remedy  of  eertnin  otherwise  incur* 
aUe  maladies."  This  is  an  operation  also  of  purely  Ameriran  origin,, 
and  bae  contributed  much  to  the  relief  of  human  suffering.    It  has' 
been  urged  that  while  to  nn  Araerican  tmrgeon  the  credit  ie  honestly 
due   for  the  first   performauec  of  ao   ovariotomy,  oilier  nations 
ha^-e  perfccteii  the  operation,  and  more  credit   is  due  to-day  to 
other  naliona  for  the  hettt  results.     Let  ur  aee  how  this  statement 
ucicords  with  facts.    In  1857  the  question  of  ovariotomy  was  brought 
up  for  diACUHxion  at  the  French  Academy  of  Mcdirintf,  and  only 
one  surgeon  considered  the  operation  as  sometimes  justifiable.  Up  to 
that  time  there  had  been  in  America  97  ovariotomies,  with  3i% 
niortulity;  in  Great Uriiain,  123  opcTntion.-(.  with  43%  mortality;  and 
in  Germajiy,  47  operations,  with  77  %  mortality,     American  sur- 
geons. tlHTcfore,  not  only  obtained  the  best  results  up  to  that  date, 
but  no  American  eurgeon  to-day  will  concede  tliat  our  results  are 
inferior  to  those  obtained  by  surgeons  in  any  other  country  at  the 
preeenl  time.    Few  men  can  reaUze  the  influence  of  McDowell's  first 
ovariotomy  upon  the  whole  field  of  abdominal  siu-gery.   It  is.  indeed, 
a  sublime  thought  to  considur  that  a  man  was  found  vrith  the  courage 
of  his  convictions  to  do  what  no  man  had  ever  done,  and  to  operate 
with  the  noise  of  an  infuriated  mob    lieneath   his  nindowa.    This 
mob  would  have  lynched  him  if  the  patient  upon  whom  this  first 
ovariotomy  was  performed  had  died.     Having  escaped  the  angry 
mob,  he  was  pointed  out  as  a  murderer  by  his  fellow  colleagues,  and 
was  condemned  by  the  highost  scientific  authorities  in  Europe.    In 
America,  therefore,  imder  euch  circumstances  and  under  such  con- 
ditions, the  birth  of  the  greatest  operation  in  .surgcrj'  occurred  —  an 
operation  which  saves  now  the  lives  of  million.'*  of  women.    Keen 
asserts  that  "it  is  cs1im,ated  that  one  million  years  are  added  CTCrj' 
three  years  In  the  life  of  women  in  this  countr)'  ulone  by  a  .linglo 
operation  of  ovariotomy." 

The  disapproval  of  thds  great  operation  of  McDowell's  by  the  press, 
by  the  profession,  and  by  the  laity  was  pronounced.  The  Medico- 
Chirurffical  Review,  speaking  of  McDowell's  achievement,  saj-s: 
"A  back  settlement  of  America,  Kentucky,  has  beaten  the  Mother 
Country,  nay,  Europe  itself,  with  all  the  boasted  surgeons  thereof, 
n  the  fearful  and  formidable  operation  of  ga^rotomy  with  extrac- 
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lion  uf  di.tenwil  ovanes."  -All  this  vituperation  va<)  )iurled  ab 
McDowell;  but  time,  as  the  greut  arbiter,  has  dcmoiistrntod  that 
vi'liat  WU5  «tiJ  in  isurcuHm  Ims  become  a  transcendent  and  ntifchty 
truth.  Tlie  noble  character  and  the  true  grandeur  of  McDowell's 
nttuie,  and  bis  high  and  lofty  ambitions,  are  illustrated  by  tho  fact 
thikt  he  had  [wrformed  three  suuccsaful  ovariotomicH,  operutions 
never  before  undertaken  by  man,  without  heralding  the  victories 
as  triumphs  of  his  pprsonal  ambition.  In  the  early  days  of  ovario- 
tomy. McDowell,  ajid  Nathan  Smith,  the  Atleea,  Dunlap,  Peuslee, 
l\iinl>all,  Sims,  and  Thomas  established  and  brought  to  the  front  an 
ojieration  agnin.st  which  the  moBt  bitter  and  scathing  invectives  were 
ainieil.  These  great  men,  who  have  placed  this  operation  upon  a  firm 
basis.  doservG  the  gratitude  of  a  nation,  and  of  the  world,  since  they 
haw!  throwTi  a  flood  of  light  upon  this  dark  region  of  aurgerj',  which 
is  now  illuminated  by  the  work  of  recent  operators  whose  successes 
urr  i<iniply  iiiiruculou*. 

hl&yo  Robuon  hac  contributed  an  article  on  the  evolution  of  ab- 
dominal surgery,  a  part  of  which  has  reference  to  the  results  ob- 
1aine<t  in  ovariotomy.  He  stntes  that  in  l>e*ds  Infirmary,  in  1870- 
1871,  no  case  was  reported  under  abdominal  surgery.  In  1901,  or 
20  ycare  later,  there  were  pcrfornwd  in  the  Jjced.s  Infirmnry  569 
abdominal  sections.  In  reference  to  ovariotomy,  he  states  that  about 
i870oviui&c  tumors  were  conadorcd  a  variety  of  dropsy,  and  tapping 
wu  resorted  to  at!  a  meiin»  of  transient  alleviation.  Thua,  in  1870,in 
St.  Bartholomew's  Hospital,  London,  there  were  only  3  ovariotomies 
performed,  with  100%  mortality.  In  Gviy's  Hospital,  London,  5 
ovariotomies,  with  60  %  mortality.  In  St.  Thomas' Hospital,  London, 
1  ovariotomy,  with  tO0%  mortality.  In  St.  George's  Hospital,  Lon- 
don. 2  ovariotomies,  with  100%  mortality.  In  1875,  ovariotomy 
had  such  unfavorable  statistics  that  tapping  was  done  to  defer 
a  mdical  operation.  In  1S75,  in  12  cases  of  ovarian  tumor,  only 
7  patients  hud  an  ovariotomy  performed,  and  5  died,  thus  giving  a 
mortality  of  71%. 

Now  mark  th«  rontrnst.  In  1901,  ovariotomy  wm  performed  64 
time.<),  mth  4  dent  lis,  or  a  mortality  of  about  6  %.  A\'hen  it  is  con- 
sidered that  in  these  cases  some  were  malignant,  gangrenous,  and 
suppuniting  cJi.si's,  the  story  seenis  incredible.  Mouilliri  reports,  in 
1901,  57  ovariotomies  in  the  hospital  for  women,  with  no  death. 
Rieiiardson.  of  Boston,  reports  93  consecutive  ovariotomies  without 
u  death.  Ovariotomy  in  tlic  aged  shows  most  remarkable  results; 
thus  Kelly  has  reported  in  his  book  over  100  ovariotonuea  in  women 
who  were  over  70.  and  operated  upon  by  59  surgeons,  with  only  12 
deaths.  This  is  a  triumph  of  surgery  that  Ephraim  McDowell  fore- 
shadoT<.*ed  in  his  courageous  work.  Sutton  collected,  in  1896, 11  easu 
t»f  ovariotomy  in  women  over  80,  with  no  deaths. 
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Ovftriotomy  during  pregoftncy  ha«  likewise  a  most  flstonwhinji 
recnrd,  since  Willi  anu  in  bis  book  reporls  142  cases  collected  by 
Orgler,  with  only  a  mortalily  of  2.77%. 

In  1902.  in  one  Ixnidon  hospital  there  wfire  40  nvariotomieft.  with 
1  deiith,  or  2.5%  morlaiily,  ag  contraBted  with  100%  mortality 
about  IS70.  Thus  ia  n  quarter  of  a  century  the  mortality  hois  been 
redvicpd  in  one  of  l>ie  most  formidable  operations  in  surgerj*  from 
71  %  to  0%,  and  in  exceptional  series  of  case«e\'en  to  2.5%  mortality. 
It  may  \k  of  intcrcHi  to  show  the  progress  which  surgery  has  nmdc 
dnring  tb«  pontury  in  reference  to  the  operation  of  ovariotomy, 
from  1809  to  1904. 

In  America  —  McDon^ll 1B09.  and  lat^r.  12  cnwa:  niortality,  66% 

N.  Smith 1821. 

A.  G.  Smith 1X23. 

Sc%'rnil  opwatont  185B, 
In  America  ...  .  1657. 
In  Kngtand  .  18S7, 
In  n^nnnny    ....  1867, 

Hofict^irr 1003, 

HofmeicT 1903, 1«at. 

From  iho  above  table  it  appears  that  during  the  first  quarter 
of  t.hr  ninclcrcnih  century,  awunlinf;  tu  the  combined  reporls  of 
McDowell  and  N.  and  A.  G.  Smith,  the  mortality  in  14  cases  of  ova- 
riotomy vftisi.  57%.  The  combined  English  and  American  returns 
for  IS.'jo  and  ISTj?  gi-v-e  an  average  mortality  of  48%.  The  most 
recent  figures  are  by  Hofmcier.  for  1903,  who  returns  a  mortality  of 
1.74%.  If  the  earlier  mortality  prevailed  at  the  prespnt  time, 
Hofmoier  would  have  had  ISO  deallis  in  a  total  of  316  cases,  instead 
of  11,  which  actually  occurred, 

Hyairrcelomy.  nr  removal  of  the  entire  uterus,  with  or  without  the 
ovaries  and  tubes,  affords  a  most  striking  illiistralion  of  the  recent 
development  of  sui^ery.  Hysterectomy  showH  brilliiint  results  when 
performed  for  mali|;rn&nt  disease;  but  the  nwult  of  the  operation 
when  performed  for  malignant  disease  is  the  darkest  chapter  in  the 
present  status  of  surgery.  Btgclow  collected,  in  1884,  359  ca«CK  \*t 
hysterectomy  for  fibroids  of  the  uterus,  with  a  mortality  of  5S%. 
Kelly  reports,  in  I.S98,  100  cases  of  hysterectomy,  including  extirpa- 
tion of  the  ovaries  and  tubes,  with  a  mortality  of  only  4%.  Pryor 
has  inve«tig(it^  the  subject  of  the  mortality  of  abdominal  hj-sterec- 
tomy  for  myofibroma  of  the  uterus,  and  states  (hat  it  is  not  over 
2%,  while  in  fibrocysts  of  the  utenis,  it  is  much  higher,  reaching  at 
least  10%,  and  etntcs  that  this  great  increase  in  mortality  it  due 
to  "noexisting  cardiac  lesions,  which  so  often  aceoin[«iny  fibrocystic 
disease."  Pryor  also  slates  that  his  mortality  of  hysterectomy  in 
pus  cases  is  about  3%.  Noble  reports  58  eases  of  pyosalpinx  snd 
absccm  of  the  ovar>',  in  which  ho  performs  hystcrectflmy  with  r&- 
moval  of  the  appendages,  and  the  immediate  mortality  was  not 
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quite  2%,  and  36  i^asen  of  reraovftl  of  the  appendagen  without  hyn- 
terectomy,  with  a  mortftlity  of  5%.  KtchArdgon.  of  Boston,  had  a 
moTtaliiy  of  3%  in  111  t-jiecs  duiiog  the  past  two  years;  «iid  Polk, 
of  New  York,  haa  had  a  long  aenes  of  cases  with  equally  brilliant 
results.  Webster  reports  G5  hysterectomies  for  infective  disease  of 
the  uterus  wid  apiMJndagcs,  with  a  mortnlity  of  1.07%.  With  such 
an  array  of  statistics  before  ua  in  hysterectomy,  wliicb  may  be  eon- 
sidered  the  keystone  of  the  arch,  there  is  no  mnre  forcible  illuHtration 
of  the  eteady  advauce  of  surgery  thaii  the  improvement  in  this 
operation.  In  regard  to  vaginal  hysterectomy,  statistics  are  likewise 
brilliant;  thus  Pryur  has  collected  228  cases  of  vaginal  hysterectomy 
for  noo-mslignaiit  diaeaae,  nith  one  death.  Webster  reports  40 
rasos  of  vaginal  hystcrvutomy  for  malignant  disease  of  the  uterus, 
with  uo  death  from  the  operation  itself.  No  mention  is  made  of  the 
percentage  of  permanent  cures  in  these  cases. 

H i/aierectomtf  for  the  cure  of  cancer  funiishee;  the  must  discoursj^iig 
and  melancholy  statistic!)  of  any  modem  opitralion.  In  this  case  it  is 
DOt  80  much  the  fault  of  the  technic  as  it  is  the  disease  which  calls 
for  the  operation.  Cancer  is  must  fatal  in  lheulem.s;  but  the  time 
will  soon  eomo  when  early  operations  will  effect  a.  far  greater  per- 
Mntase  of  recovery.  Cancer  of  the  cervix  aud  body  of  the  uterusis 
most  fatal,  yet  the  faintest  glimmer  of  dawn  is  upon  the  horizon, 
and  the  results  of  hysterectomy  for  the  permanent  cure  of  cancer  are 
beginning  lu  show  8ig:ns  of  improvcinunt .  In  the  history  of  every 
great  operation  the  mortahty  i.i  lugh  at  first;  but  as  technic  im- 
proves and  early  and  radical  operations  are  resorted  to,  the  result 
will  be  different.  Oviiriolomy  patwcd  through  just  auch  a  crisis,  aud 
it  is  certain  that  hysterectomy  for  cancer  n-ill  ahow  better  results  in 
ihe  future  and  if  so  it  will  be  the  greatest  triumph  of  surgery.  The 
statistics  of  liystei'ectomy  for  cuiiver  are  subject  to  the  widest  varia- 
tion. Penrose  utntcs  that  his  results  have  been  most  discuuntging, 
■sbebasonly  two  or  three  patient  .i  who  have  permanently  recovered. 
Penrose  also  criticises  the  report  of  20%  of  cures  for  cancer  of  tho 
uterus  at  the  Joluis  Hopkins  Hospital,  and  claims  that  "after  due 
deduction  and  thorough  siftinf;  of  their  figures,  5%  of  cures  comes 
nearer  Ihe  actual  tnit  h."  The  mortality  of  the  operation  itself  for  the 
cure  of  cancer  has  a  favorable  showing  in  contrast  to  the  results  of 
permanent  cure.  Thus  Pryor.  in  1901,  reports  98  casea  of  hysteree- 
lomyforconccrof  tho  uterus  with  a  primary  mortality  of  about  11  %. 
In  a  very  careful  and  thorough  research  of  the  literature  of  the  sub- 
ject, I  find  that  abdominal  hysterectomy  for  cancer  has  an  immediate 
mortality  of  nearly  20%,  if  the  caeea  from  all  available  operators 
are  taken,  and  that  the  immediate  mortality  for  vaginal  h^'sterectomy 
for  enncer  ha.';  l«en  as  high  as  16%,  and  by  some  operators  reduced 
lo  almost  zero. 
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The  Surgery  of  fhe  Bontz  and  Joints-  The  mansgtineDt  of  frac- 
tures hfts  brought  out  the  wonderful  niccbanical  ingenuity  which  is 
a  fharacteriiitie  ot  Uie  human  mind.  The  application  of  t)ie  i>Iast«r- 
of-paris  bandage  in  the  trealmeut  of  fractures  is  oue  of  the  greale«l 
improvements  of  the  century.  To  the  perfection  of  its  lechoic, 
FJuhrer'a  work  deserves  special  commendation.  Tiie  use  of  flexible 
narrow  etiips  of  tin  or  sine  in  the  nianagement  of  fractures  was  de- 
vised by  Fluhrcr  in  IS72,  with  the  object  of  sucurinK  immobility  of 
the  fractured  bones.  The  strips  are  not  deajgned  to  act  as  rigid  ftup- 
porls,  although  incidentally,  by  their  width  (a  quarter  of  an  inch) 
they  edgewise  oppose  rcsistunce  to  angular  moiiou  when  puHsing 
through  or  near  an  axis  of  motion.  Their  principal  effect  is  by  virtue 
of  their  inextenwbility,  not  shortening  or  lengthening  under  strain 
when  bandaged  to  the  limb  in  the  principal  planes  of  motiun.  They 
arc  roughened  on  cat-h  side  by  perforations,  so  that  they  may  be 
necurely  held  in  position  by  the  retaining  bitndage.  They  are  not 
deigned  to  serve  as  an  accessor)'  strengthening  of  an  immovable 
Hplint;  the  strips  themselves  are  the  splint.  The  plasfter-of-paris  or 
other  matcriul  ineorporateci  in  the  retaining  bandages  given  t«  the 
proviaonal  effect  of  the  atripa  durability,  which,  of  course,  eannot 
be  obtained  by  a  simple  bnuda{;c.  The  work  of  Xh.  James  L.  Little, 
in  the  use  of  pIa«ter-of-paris  bandage,  must  not  be  overlooked,  sinee 
he  utihjod  this  dressing  for  various  fractures,  and  perfected  several 
dressings  for  special  fractures,  notably  the  i)atella.  Time  will  not 
permit  of  &  discussion  of  the  nmnifold  ways  that  tliis  dressing  can 
be  employed  in  the  different  fructuriMs.  It  will  suffire  to  mention  the 
present  method  of  treatment  of  fractures  of  the  thigh,  in  order  to 
nITord  the  best  illustration  of  the  evolution  of  the  general  plan  of  the 
trejitmi'iit  of  fraclurwt.  If  wo  start  with  Dcsault'n  nplint,  whirh  was 
crude  and  unsatisfactory,  the  first  change  that  occurred  wa.i  Phynick 'a 
modification,  which  consisted  in  making  Desault's  splint,  which 
reached  only  to  the  creat  of  the  ilium,  extend  above  to  the  axilla 
and  downward  below  the  foot,  with  a  perineal  band  for  extension 
and  counter-extension.  In  1819  Dimiell  of  Georgia  introduced  the 
weight  and  pulley.  In  1851  Buck  still  fuilher  modified  Pliysick's 
aplint,  ff»  us  to  do  away  with  the  perineal  bund,  and  accampUsfaed 
extension  of  (he  limb  by  the  weight  and  pulley,  after  the  manner  of 
it6  present  use.  This  was  a  great'improvement,  in  order  to  overcome 
shiirtening  of  a  fractured  limb. 

Van  Ingen,in  IS&T.auggcstod  the  elevation  of  the  foot  of  the  bed 
to  permit  the  bndy  to  net  as  a  counter-extending  force.  The  coapta- 
tion splints  were  u-wd  by  Buck,  in  I.S61,80  that  the  present  complete 
and  perfect  method  te  one  that  is  the  result  of  e^-olution,  the  con- 
Humnjation  of  which  has  been  accomplished  by  the  work  of  American 
surgeons.   In  1S27  Natlian  R,  Smith  adopted  the  principleofsuspeu- 
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non  in  the  treatmeut  of  fnwtures,  and  the  use  ot  tli«  8imd-b«g  waa 
introduced  by  Hunt,  of  Philadelphis,  in  1832.  In  fractUK  of  the 
cla\-irle,  Sayre  has  originated  a  dressing  which  is  not  only  unique, 
but  which  is  accepted  as  the  simplest,  nio8t  reliable,  and  most 
Mtisfactory  of  nil  the  different  forma  of  apparatus.  Phyfflck  suggcrted 
thy  two  angular  splints  for  treating  fracture  of  the  lower  ond  of  the 
hunteniin,  and  Guuniiig  arid  Bean  ihe  interdental  splint  in  the  treat- 
ment of  the  fracture  of  the  lower  jaw.  AlHs  first  called  attention  to 
the  pathoIoKJt:  enndition  found  in  fraetures  of  the  lower  end  of  the 
humerus,  and  auggeated  new  principles  in  the  treatment  t<»  prevent 
defortiuties.  In  1S6I  Mason  devised  a  new  method  of  treating 
fraclutws  of  the  nsHul  bonea  by  paiaing  a  curved  needle  under  the 
fntginente  aod  elevating  them.  In  the  treatment  of  fracturo  of  the 
patella  fay  the  um;  of  the  metallic  suture.  Amencna  surgery  con  claim 
the  operation  as  far  as  priority  ie  concerned,  since  Rhea  Barton 
wired  a.  fractured  patella  in  1834,  and  McClcllan,  in  lS3fi,andCouper, 
of  S&n  Francisco,  in  11)61,  and  after  him  Lngan  and  Ounn. 

While  American  surgery  camiot  justly  cJaini  the  priority  of  this 
operation  aa  practiced  by  Lister  with  the  modem  aseptic  tcclmic,  she 
can  at  least  claim  to  having  brought  the  operation  to  its  present 
perfected  technic.  and  can  point  to  the  fact  that  in  New  York  the 
operation  has  been  performed  more  littie«  than  il  has  been  in  any 
city,  or  in  any  countrj*  in  the  world.  While  the  operation  i»  not 
one  to  l>e  recommended  universally,  it  is  an  operation  yielding 
biilliant  results  ja  suitable  caaes  and  in  the  bands  of  aseptic  surgeons. 
Tlic  fintt  time  that  fractures  of  the  lower  jaw  were  treated  by  metidlic 
suture  was  by  Kinloch  of  South  Carolina.  In  the  manaReutent  of 
ununit«d  fractures,  Anieriean  surgery  inlands  preeminent.  In  IS02 
Phy.sick  paKwd  u  seton  between  the  ends  of  an  ununited  frncturc  of 
the  humerus.  In  1S30,  ur  twenty-eight  years  after  the  operation, 
Physick  obtained  the  specimen.  The  use  of  the  metallic  suture 
was  first  supMwsfully  tried  in  1S27,  by  J.  Kearney  Rodgers,in  »  case 
of  ununited  fracture  of  the  bumcnis. 

rciforation  of  the  cnda  of  the  bones  in  an  ununited  fracture  of 
the  tibia  was  aecompti.shed  in  1S50  by  Dctmold.  In  IS'iR  Braiisard 
introduced  the  operation  of  drilling  the  fragments.  In  1857  Pnncoast 
used  the  Jrou  screw  to  accomplish  the  flame  object.  In  1S78  Pilcher 
first  pointed  out  the  correct  pathology  Hn<l  the  treatment  of  fractunw 
of  the  lower  end  of  the  radius.  Before  dismissing  the  subject  of 
fractures, the  work  of  Hamilton  and  Stinison  niu«t  not  be  overlooked, 
since  they  did  more  to  systematize  and  to  perfect  the  treatment  of 
fractures  in  general  than  any  other  surgeons.  The  saw  devised  by 
Shrady  for  performing  a  subcutaneous  section  of  the  bone  is  an 
instrument  worthy  of  the  highest  commendation.  Excision  of  the 
superior  maxillary  bpne,  with  the  exception  of  the  orbital  plate,  wag 
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first  performed  by  JameBOn,  in  1820.   The  complete  excision  of  the 
superior  maxilla  was  first  performed  in  New  York,  by  David  L. 
Hodgcra,  in  1824.    Excision  of  the  inferior  maxillu  was  first  piirtinlly 
and  successfully  made  "without  known  precedent  or  profeBsional 
counsel  or  aid,"  by  Deadrich,  of  TermeBsee,  iu  ISIO.    Jampson  cx- 
wcted  ncurly  the  cotir«  inferior  mnxillu  in  1S20.    Mott  cxijuctcd  tudf 
of  the  jaw  in  1821;  Ackloyin  1850;  nndCamuohun  excised  the  entire 
boDC  in  1851.   Exci»on  of  the  os  hyoidea  was  performed  for  the  first 
lime  by  Wurren,  in  1S03.  Excision  of  the  wedi^e-shnix!d  piece  of  hooe 
from  the  tibia  and  fibula,  with  oateoclaais  of  the  bones,  to  eorrwt] 
«  deformity  by  an  osteotomy,  was  performed  by  Warren,  in  1820, 
In  1835  Biirtfm  devised  iin  operation  which  is  still  practiced  for  thaj 
relief  of  angular  ankylosis  of  the  knee.  The  entire  clavicle  was  excised^ 
successfully  for  necrosis  for  the  first  time  in   1S13,  by  McCreary  of 
Kentucky.   The  entire  clavicle  was  again  excised  succesusfully  for  the 
first  time  for  mftlignant  difioaae,  by  Mott .  in  1S2S.  The  entire  scapula, 
three  fuurtlm  of  the  clavicle,  and  tlie  arm  were  exrijwd  for  the  firatJ 
time,  and  also  successfully,  by  Dixi  Crosby,  in   1S3G.     This  same 
opcrntion  was  repeated  by  Tndtchell.  in  183S,  by  McClellan.  in  1838, 
and  by  Musaey.  in  1845,  and  since  then  to  the  present  lime  the  opera- 
lion  has  been  performed  many  times  throughout  the  world. 

The  entire  scapuin  and  the  clavicle  were  removed  suecessfuUy 
ax  years  after  an  amputation  at  the  shoulder-joint  by  Mussey  in 
1837.  Two  thirds  of  the  ulna  was  excised  suceeasfully  by  Butt,  <rf 
Virginia,  in  1825,  and  the  olecranon  by  Buck,  in  1S42.  while  tho 
entire  ulua  was  excised  by  Caniochan.  in  1853.  The  same  operator 
vxciecd  the  entire  radius  in  1854.  Both  radius  and  ulna  were  ex- 
cised by  Compton,  of  New  Orleans,  in  1853.  Excision  of  the  coccyx 
was  first  pprfonned  by  Nott,  in  1832,  for  the  relief  of  severe  and 
perastent  ncuralKia.  Excieion  of  a  portion  of  the  rib  by  llie  tre- 
phine, for  affording  drainage  in  empyema,  was  first  performed  by 
Stone,  in  IWi.andexcidon  of  apart  of  one  or  more  ribs  for  the  same 
purpose  was  first  performed  by  Wutter,  of  Pittsburg,  in  1857.  Be- 
ado  these  excisions  for  necrosis,  suppuration,  and  msUgnuit  diwase^ 
much  credit  is  due  to  Amerienn  surgery  for  the  part  it  haa  played' 
iu  eubperiostenl  surgerj-.  One  of  the  most  remarkable  specimeos  is 
the  reproduction  of  the  inferior  maxilla  by  Wood,  in  1856.  Langen- 
beck.  the  authority  on  subperiosteal  surgery,  said  "that  he  did  not 
believe  a  corresponding  preparation  really  existed  anyiivhcrc," 
and  remarked  that  "there  vna  not  another  such  specimen  in  the 
whole  of  Europe."  Tliis  was  indeed  a  fitting  tribute,  from  one  of 
Europe's  greatest  surgeons,  to  the  genius  of  one  of  Americft's  great- 
est operators.  Wood  has  also  succeeded  in  reproducing  many  other 
bones  in  the  body  by  the  apiilication  of  the  sniBe  principles  trf  sub* 
perioatcul  surgcr)-.    Thus  it  is  evident,  if  tlie  firet  euccensful  cxci*- 
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ion  of  the  superior  and  inferior  maxillas,  the  hynid  bone,  the  entire 
cUvicle,  the  entire  scnpuln,  the  ulua  and  rndius,  the  coccyx  and  riba; 
ulso  trephining  for  relief  of  oeteomyelitia;  the  most  peii^t  speci- 
Okens  <rf  reproduced  bone,  —  be  subtracted  from  the  sum  total  of 
oporativc  surgery  upoo  the  bones,  tliere  is  litlb  left  tbal  is  not  the 
offapring  of  Americ&ii  surgery. 

In  the  surgery  of  the  joints,  American  surgeons  have  accom- 
plished briUiiuit  work,  Mute  iu  the  mauagemeul  of  dialocatious  they 
have  contributed  much  to  the  sum  tutul  of  our  knowledge.  I'hy- 
aiek  was  the  first  to  perform  veneBectinn  to  cnuse  muscular  relax- 
itjon,  in  order  to  reduce  a  dielocatioa.  This  was  a  most  valuable 
nlBaiis,  to  which  rcKurt  vitut  made  prior  to  the  introduction  of  anes- 
thetics. McKenzJe  and  Smith,  in  1S05,  reduced  a  dislocation  of 
the  shoulder  of  six  months'  standing  by  the  employment  of  vene- 
fVctioD.  This  patient  had  been  to  England  and  all  attempts  at  re- 
duction failed,  and  upon  his  return  to  Baltimore,  the  reduution 
waa  effected  by  rela.\ing  the  muscular  system  by  blood-letting  ad 
ddtquitivt  animi.  The  plan  i«  now  ubaudoned  siuoe  the  introduc- 
tion of  anesthetics.  Warren  excised  the  head  of  the  humerus  to 
njstore  the  uiH'fulnc^s  of  it  after  an  unrc<Iurcd  dislocation  of  the 
shoulder- joint.  Tlie  invention  of  plaster-of-paria  jacket  by  Sayro, 
for  the  treatment  of  Pott's  disease,  in  IS?*!,  is  one  of  the  most  im- 
portant surgical  discoveries  of  the  century.  The  same  apparatus  he 
devised  for  the  treatment  of  lateral  cur\ature.  These  cases  of  Pott's 
diseue,  which  hitherto  were  consigned  to  a  distresi^lng  death,  are 
now  permanently  reheved  of  their  sufferings.  ai]d  are  in  many  casea 
entirely  cured.  Kxcision  of  Ihu  Hp-joint  wsb  performed  us  a  eys- 
lematie  operation,  ttnd  succemfully,  for  the  first  time  in  this  country, 
by  Sayre,  in  1854.  To  this  sanae  surgeon  is  due  the  credit  of  sug- 
gOBting  and  carrying  into  execution  the  principle  of  free  druinago 
in  oa«es  of  empyema,  of  joints.  In  hydrops  artiouli,  Martin,  of  Bos- 
ton, in  IS5:),  suggested  efjuable  uniform  compression  by  means  of 
an  elastic  bandage,  and  ^ayrc  has  applied  the  same  priaciplc  by 
using  compressed  sponges.  Martin,  in  1877,  also  employed  the 
elastic  bandotro  for  the  cure  of  chronic  ulcers  of  the  leg.  In  182S 
BiuioD  divided  with  a  saw  the  great  trochanter  and  tlie  neck  of 
the  tbigli  to  relieve  ankylosis  of  the  bip-joiat.  In  1830  Kodgore 
removed  a  disk  of  bone,  and  in  186:2  Sayre  perfected  the  operation 
and  introduced  a  new  principle  by  removing  a  plano-convex  wedge 
of  boae  between  the  two  trochanters,  and  mode  rotund  the  end  of 
the  lower  fragment  in  order  to  form  a  new  and  artificial  joint.  In 
1835  Barton  removed  a  cuneiform  wedge  just  above  the  condyle 
and  fractured  the  bone,  and  made  the  limb  straight  to  relieve  angu- 
lar ankyloas  of  the  knee-joint.  This  operation  is  practically  the 
oeteotomy  of  the  present  time.    Id  1S40  Camochan  first  operated 
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for  the  relief  of  ankyloaa  of  the  lower  jaw  by  subcutaneously  divid- 
ing tiio  masseter  muscle.  In  forcing  open  the  month  efter  leno- 
lomy  of  ihe  muscle,  he  accidentally  fractured  the  bone,  thus  pro- 
ducing a  false  joint  until  the  fracture  united.  Camochaa  conceivetl 
then  the  idea  of  excising  a  wedge-shaped  piece  from  the  jaw  and 
establitihiiig  a  false  joint.  For  the  relief  of  this  distressing  condi- 
tion, in  1S7^,  Gross  excised  the  condyle  and  a  portion  of  the  neck 
of  the  bone,  and  in  1875  Meant  excicted  the  coronoid  and  condy- 
loid process  together  nilh  the  upper  half  of  the  ramus.  Wood,  in 
1876,  cured  u  patient  with  frunturc  of  tho  cervical  vertebra  UBOci- 
ated  with  paraplegia  and  brachial  paralysna,  by  the  use  of  the 
pla8ter-of-p«rJs  jacket.  The  patient,  though  completely  paralysed, 
made  an  excellent  recovery  and  was  able  to  resume  bis  work  aa  a 
carpenter. 

Cmnpound  fracture  may  be  designated  tis  the  touchstone  of  sur- 
gery, because  a  discusaion  of  the  treatment  of  compound  fractures 
includes  all  the  groat  principles  involved  in  every  dopartnicnt  of 
the  science.  It  embraces  a  conaideration  of  cerebral,  thoranic.  and 
abdominal  surgery;  it  includes  &  discussion  of  the  great  principles 
of  antisepsis,  it  covers  operative  technic,  it  embraces  the  study  of 
surgical  patliologj',  it  touches  upon  the  higher  departments  of  the 
ecience,  and  opens  up  the  field  where  surgery  must  be  consdered, 
ns  an  arena  for  the  exercise  of  sound  judgment,  for  the  display  of 
clear  forenight,  and  for  the  exhibition  of  accurate  knowledge  and 
ripe  erudition,  finally,  a  full  discussion  of  this  subject  incvitaUy 
lends  to  a  conndcrution  of  the  progress  of  surgery  during  the  pre- 
sent century  and  its  precise  status  at  the  present  day.  In  consider- 
ing the  management  of  compound  fractures,  I  sliall  confine  my- 
eelf  to  the  results  of  ray  own  pemonal  work  ob  embodied  in  an  ex- 
tensive clinical  experience  embracing  a  report  of  1000  cases,  which 
I  pubUKltcd  some  time  ago,  and  since  then  hundreds  more  can  be 
added  to  my  lint,  with  substantially  the  aame  result.  These  ca«es 
occurred  within  a  period  of  a  year  in  four  metropolitan  hospitals 
devoted  to  the  treatment  of  acute  surgical  cases,  and  also  in  pri- 
vate practice.  The  accumulation  of  so  vast  an  amount  of  clinical 
material  has  been  attained  with  considerable  labor.  The  conscien- 
tious treatment  of  these  serious  cases  has  been  attended  with  a 
aensc  of  great  responsibility,  and  the  results  Have  been  attained 
only  by  close  attention  to  the  minutest  details  in  the  management 
of  each  individual  case.  There  are  some  points  in  the  treatment 
of  compotmd  fractures  that  deserve  special  conEidcration,  and  it 
is  only  by  a  study  of  theae  cases  in  groups  that  clinical  facts  of  essen- 
tial importance  can  be  established.  The  same  plan  of  treatment 
has  been  carefully  watched  in  many  caacs  at  the  8ftme  lime,  and 
it  has  been  by  a  process  of  evolution  that  some  of  the  opinions 
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which  I  phall  enunciate  have  become  fixed  laws  in  routine  prac- 
tice. To  see  in  one  day  nineteen  compouDd  Tractures  in  the  same 
ward  with  a  nopmnl  temperature  is  not  a  coincidence.  The  number 
might  pos^bly  be,  but  the  same  condition  in  all  is  the  result  of  the 
application  of  fixed  principles  which  have  been  established  as  the  re- 
sult of  lopg  study  and  obaervatioii.  To  gee  at  another  time  twelve 
euM  in  the  eame  word  and  all  with  a  normal  temperature  is  Uke- 
wi<ie  no  coincidence.  The<ie  circumstances  nmke  it  evident  that 
the  application  of  fixed  rules  is  necessary  to  arrive  at  ceitaiu  and 
Uniform  results. 

The  complete  history  of  each  one  of  the  1000  cases  of  compound 
fracture  is  carefully  preserved.  Each  caee  is  given  in  full,  with  the 
name  of  the  patient,  the  dale  of  his  or  her  admittance  to  the  ho»- 
pital,  the  age,  a  description  of  the  injury,  the  treatment  in  full, 
and  the  result,  together  with  the  name  of  the  house  surgeon  on 
duty  at  the  time  as  a  matter  of  reference.  It  is  obvious  that  time 
will  not  permit  to  discuss  in  detail  these  histories,  and  therefore  I 
can  only  give  a  summary. 

The  general  summary  in  the  lOOO  cases  is  as  follows: 

Skill! 178 

Noaal,  nudar,  mojitUiu,  and  patcIlMi    80 

Aim 40 

Potvami 41 

Flngpre  Mid  toes   >....••> ...■••.>... •..•■.••....■•  Vf 

Uiuo).  clavicle 2 

Thish S7 

1j«E  sw 

Practunit  involving  Shouldtr,  elbow,  or  wriat-joints,  u  a  iwutt  of  dboaso 
or  accident  39 

Fmctutw  involving  lup,  knee,  or  anklc-jotnta,  m  a  result  of  diaeaae  or 
•oddent 85 

P^aetnna  invnhring  mrpal  or  metac&Tpal,  tunl  or  metataraU  joiato,  u 

■  nault  of  dis«nEc  or  nwadent ■      47 

looa 

Now,  following  the  example  of  surgical  writers  who  haw  care- 
fully tabulated  the  results  of  treatment  in  compound  fractures, 
I  shall  eliminate  all  thone  cases  in  which  primary  amputations  were 
perfORoed,  because  they  do  not  concern  the  point  at  issue;  and 
I  shall  also,  according  to  the  practice  of  writers,  reject  all  those 
patients  who  died  of  hemorrhage,  collapse,  shock,  etc.,  nithin  a 
few  hours  after  injury.  1  shall  also  leave  out  cases  of  compound 
fractures  of  the  hand  and  foot,  as  too  insigmficaut  to  be  classed 
with  compound  fractures  of  the  long  bones.  After  these  deduc- 
ttoma  are  made,  there  remain  6S1  cases  of  compound  fractures,  with 
one  death  due  to  sepsis.    Thii<  gives  a  death-rate  of  about  ^  of  1  %. 

In  order  to  appreciate  fully  what  aseptic  surgery  has  aecom- 
plighed  in  reference  to  the  management  of  compound  fractures, 
it  b  necessary  to  compare  the  results  obtained  prior  to  Ibe  iutro- 
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duction  of  antiBeptic  Hurgwr>-.  In  tlie  Pennsylvania  Ilospital,  Noma 
hns  mftde  ft  slat'slical  report  of  the  compound   fractures  trcitlcd 
between  the  ye&n  1830  and  1851.     l>unng  that  time  there  were 
116  cases  of  compound  fractures  of  the  leg  und  thigh  (excluding 
ihoi^  caF«e«  retiwring  amputation)  with  51   deaths,  thus  ^\'iDg  ft 
rate-mortality  of  44%.    In  the  New  York  Hospitftl  during  th«  eame 
period  there  were  treated  126  cases  of  compound  fracture  of  the 
leg  and  thigh  (excluding  those  cases  requiring  amputation)  with 
61  deaths,  thus  giving  a  rate  of  mortality  of  40  %.    In  the  Obu- 
chow  Hoapitat  report,8  of  St.  Petersburg  there  are  106  cases  of 
compound  fracture  with  a  mortality  of  68%.     In  Guy's  UoepitaJ, 
from  IMl  to  1861,  there  were  reported  20S  caaea  of  compound 
frai'tures  with  5G  deaths,  ^ving  a  mortality  of  about  28%.     Bill- 
roth reports  from  eurgical  cliiiice  of  Vienna  and  Zurich  ISO  cases 
of  compound  fracturea  (excluding  casee  of  amputation),  with  a 
mortality  of  31%  from  septopyemia.    Now,  after  the  introduction 
of  antiseptic*,  a  etudy  of  Billroth's  table  of  compound  fritctures 
alion-9  a  reduction  in  the  death-rate  to  about  3%.    The  influeiuie, 
therefore,  of  antiseptics  has  caused  the  death-rate  to  fall  from  68% 
to  about  3%.    In  my  personal  report  of  1000  cases,  the  fractures 
of  the  extremities  only  are  compared,  us  has  been  done  in  alt  of 
the  above  tables;    there  is  no  death  from  septopyemia,  and  thus 
the  rate  of  mortality  from  blood-poisoning  is  now  reduced  from  68  % 
to  zero.     It  may  be  said,  therefore,  that  pyemia  and  septicemia, 
which  formerly  destroyed  &a  many  as  68%  of  compound  fractures, 
have  been  practically  eliminated. 

The  Bcicncc  of  eurgery  lias  at  last  demonstrated  to  the  world 
that  it  has  fairly  met  these  demons  of  destruction,  and  that  it  haa 
conquered  them.  Without  doubt,  the  means  of  warfare  have  been 
found  in  the  establishment  of  bacteriologic  laboratories,  for  with- 
out these  institutions  the  discoveries  that  affect  the  happiness  and 
mortality  of  the  human  race  could  not  have  been  made.  For  my 
on-n  part.,  1  remained  a  skeptic  to  the  germ-theory  of  inflaimnation 
until  the  Carnegie  Laboratory  nfTorded  mo  an  opportimity  to  work 
out  thisgrcnt  problem.  The  reduction  of  the  death-rate  from  68%, 
which  halt  a  century  ago  was  con^dered  a  brilliant  achievement, 
and  a  result  which  was  thought  worthy  of  publication,  to  that  of 
a  cipher,  represents  what  surgery  has  done  for  the  amelioration  of 
human  suffering  and  the  preser^'ation  of  Ufc.  Theae  statistics  afford 
us  the  most  startling  and  impressive  lesson  of  what  surgery  has 
done.  It  has  lessened  suffering,  it  has  annihilated  pain,  it  has  saved 
limbs,  it  hae  conquered  sepsis,  it  has  saved  life.  Surely  nothing 
could  be  added  to  show  more  clearly  the  triumphant  march  of  the 
onward  progress  of  the  grandest  profession  in  the  world. 
Compound  jraeturft  o}  the  »kuU  require    surgical   interference 
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which  formerly  wm  not  resorted  lo  unless  in  cstreme  casea.  The 
iotervcotion  of  operative  measurea  has  not  only  reduced  the  mor- 
tality to  a  very  small  percentage  by  preventing  an  infective  process, 
but  it  also  has  eliminated  the  various  nervous  phenomena,  such  as 
heatUcho,  ataxia,  epilepsy,  insanity,  and  other  like  conditious. 
I  have  treated  many  hundred  cases  of  compound  fraolures  of  tlie 
skull,  and  at  one  time  collected  a  series  of  116  ca^es  of  my  owiii  a 
referen«e  to  which  may  give  an  idea  of  what  modem  Burgery  has 
achie\-ed  in  the  past  few  years  in  the  management  of  this  elaas  of 
perious  cases.  Of  these  116  caaes  of  compound  fractures  of  the 
akull,  excluding  ihoxe  deaths  from  shock  within  4S  hours,  in  accord- 
ance with  all  etatisticians,  bet^ause  these  deaths  were  not  the  re- 
sult qS  any  special  plan  of  treatment,  there  are  two  deaths  which 
may  be  ascribed  to  sepsis.  Perfection  has  been  almost  reached  in 
the  tcchnic  of  the  operation  of  trephining;  but  as  yet  there  are 
cireunutances  which  are  not  controlled  by  the  practical  surn^D, 
and  in  the  study  of  these  cauiies  future  scieutiflc  surgery  must  be 
emplojred.  In  thC9e  116  ca»s  of  compound  fractures  of  the  sktill, 
tbere  were  two  deattis  due  to  nepsts,  which  give  a  mortaUty  of  less 
tbao  5%. 

Traumaiwn  of  the  ■serlebral  column  and  the  spinal  cord  have  been 
treated  by  Sayre's  plaster-of-paria  jacket.  The  utter  helpleasoess, 
tbc  intense  suffering,  the  absolute  hopelessness,  the  wretched  dis- 
eomfort,  the  living  death  moke  Iheao  patients  objects  of  pity  to 
all  under  whose  care  they  come.  Oa  the  other  hand,  the  recent 
advances  in  the  science  of  neurologj',  the  precision  of  topographic 
anatomy,  the  modem  researches  in  physiology,  the  introduction  of 
anesthetics  and  antiseptics,  the  wonderful  inventions  in  mechaiucal 
art  present  a  moat  vivid  picture  to  the  modem  surgeon  of  what 
Mirgery  has  accompliahed  by  this  new  metimd  of  treatment.  TllC 
expectant  plan  terminates  in  death,  the  application  of  well-recog- 
njied  surgical  principle  to  this  peculiar  clufis  of  hitherto  neglected 
cases,  lias  dcuionst rated  the  possibility  of  salvation  in  at  least  a 
limited  number.  The  treatment  of  all  these  different  varieties  of 
traumatism  of  the  spine  and  cord  by  the  plaster-of-paris  jacket  has 
met  Trith  brilliant  results.  Before  the  employment  of  the  jacket, 
these  patients  were  doomed  to  luialleviated  suffering  and  death. 
nierc  is  no  reason  why  the  same  brilliant  results  should  not  follow 
the  application  uf  the  jacket  when  used  in  connection  ^^'ith  epiniil 
meningitis  or  myelitis  secondar>'  to  traumatism.  Some  time  ago 
I  collected  tlirty-three  cases  of  reco«ry  after  unmistakable  fracture 
of  the  spine,  nnd  to  this  lint  many  others  an  be  added  of  recent 
date.  Cases  have  been  eliminated  in  which  improvement  only  was 
noted.  This  list  is  sufficiently  large  lo  attract  the  attention  of  sur- 
geons and  to  induce  them  to  employ  this  method  of  treatment  in 
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oU  forms  of  Uaumatism  of  the  spine  aod  cord.  StJlI  again,  the  use- 
fulnees  of  th«  jacket  is  demonstrated  in  a  \»rgc  list  of  injuries, 
nmoDg  which  [nay  be  menLioiit-d  sprains,  concUBsion,  liemurrliago, 
laoeralioos,  and  iuflununatory  thickcDings.  Thus  it  is  evident  that 
immediate  cxtenttion  and  counter-«xteu»oii  with  immobilization  by 
meiuifi  of  the  jacket,  in  all  forms  of  spinal  injuries,  oflers  the  most 
satiafaotoo'  plan  of  ticatmcnt  that  baa  been  suggested,  a  plan  of 
treatment,  too,  in  which  the  results  show  manifest  evidence  of  im- 
provement, and  further  a  plan  of  treatment  that  has  been  attended 
with  a  most  gratifying  success. 

Orthopedic  surgery  is  a  department  by  itself,  a  part  of  which  will 
be  dificussed  under  pediatrics.  Under  orthopedic  surgery  there  are, 
however,  a  few  operations  that  could  he  referred  to  brieQy  in  order 
not  to  overlook  the  importance  of  the  subject.  Orthopedic  surgery 
literally  refers  to  the  treatment  of  deformities;  but  the  progress  in 
this  department  has  already  paused  beyond  the  limita  that  originally 
wer«  set  for  it,  and  include  now  some  of  the  oporatlons  jn  gonorul 
surgerj'.  Among  the  advances  mentioned  by  Taylor  are  the  Loreaz 
bloodless  method  of  manual  replacement  of  congenitally  dislocated 
hips,  the  correction  o£  deformed  Umbs  by  forcible  movement  without 
division  of  the  tetidonff,  the  straightening  of  the  kyphotic  spine  by 
great  force,  as  suggeeted  by  Calot,  the  use  of  Sayre's  plaster-of-paris 
jacket  for  correction  of  Pott's  disease,  the  etraightening  of  deform- 
ities in  the  limbs  by  osteotomy,  the  correction  of  deformiliee  affect- 
ing the  long  bonee  by  osteoclasis,  the  arrest  of  disease  of  tlie  joints 
by  excision,  the  removal  of  osteomyelitic  foci  in  bone  by  cxcitiion  or 
by  the  Rontgen  rays, tendon  grafting  euggested  by  Dr.  Vulpius.nerve 
BUture  for  transference  of  functional  activity  from  a  healthy  nervo 
to  a  pBralyzed  nerve,  the  tuberculin  injection  from  diagnostic  pur- 
poses, the  extirpation  of  articular  dieeaso,  the  cure  of  peiiarticular 
bur^tis  and  tenoeA-novitis,  tbo  healing  of  non-tubcitulous  joint 
disease  where  the  etiology  la  dependent  upon  microorganisms  such 
as  are  found  in  typhoid,  pneumonia,  gonorrhea,  syphilis,  and  septic 
infection;  the  management  of  atrophic  and  hypertrophic  joint 
dificaec  by  improvement  in  the  physical  condition  and  correction  by 
mechanical  means,  and  finally  the  treatment  of  Paget's  disease  of  the 
joints,  or  osteitis  deforouuis. 

Surgery  of  the  \'a»cidar  System,  In  the  surgery  of  the  vascular 
system  American  operators  liave  made  most  valuable  contributions. 
The  innominate  artery  was  ligated  for  the  first  time  in  the  history 
of  surgery  by  Valentine  Mott,  of  this  city,  on  May  11,  1818.  The 
operation  was  performed  for  the  cure  of  aneurism,  and  the  patient 
died.  The  operation  was  essayed  for  the  second  time  by  Hall,  of 
Baltimore,  in  1830,  and  again  by  Cooper,  of  San  Francisco,  in  1859. 
Both  of  these  cases  terminated  fatally.   The  arterj-  was  finally  tied 
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abcowsfully  for  the  first  time  by  Smyth,  of  New  Orleans,  on  May  9, 
1804.  Tliis  last  operator  tied  also  the  vertebral  in  tho  eame  patient 
for  the  first  time.  Thus  it  is  evident  that  the  ligature  of  the  innomi- 
oaU)  art«rj-  wm  firet  performed  in  thla  country,  ujjd  it  wm  first 
ligated  successfully  in  America.  Mutt  tied  138  large  arteries  for  the 
relief  of  aneurism,  and  no  surgeon  in  the  worid  ever  has  ligated  9o 
many  vcsmIk.  The  primitive  c&rotid  nncry  was  ligatod  for  the  first 
time  sueeessfully,  for  primary  hemorrhage,  by  Cosswell,  of  Hartford, 
on  November  4, 1803.  Abemethy  is  accredited  with  tying  the  primi- 
tive carotid  firat  in  1798,  but  his  patient  died.  The  first  successful 
cue,  therefore,  of  ligature  of  the  primitive  carotid  for  primary  hom- 
Mrhagc  was  in  America,  and  Cogswell  had  no  knowledge  of  Abcr- 
nethy'a  unBUcceBsfut  attempt.  Again  the  primitive  carotid  waa  first 
tied  successfully  for  secondary  hemorrhage  by  Amoa  Twitcbcll,  of 
Keene,  N.  H.,  in  1807,  eight  months  prior  to  Sir  Aatley  Cooler's 
famous  case,  vhich  waa  supposed  until  lately  to  be  the  firat  on  record. 
The  primitive  carotid  was  first  tied  in  its  continuity  successfully,  for 
the  cure  of  aneurism,  by  J.  Wright  Post,  on  January  9,  1813.  This 
same  surgeon  repeated  the  operation  successfully  on  November  28, 
1816.  The  two  primitive  carotids  were  first  tied  in  their  continuity 
Buccessfuliy,  within  a  month's  interval,  by  Macgill,  of  Maryland,  in 
1823.  Mott  tied  both  carotids  simultaneously  in  1833,  for  mali|i^unt 
cUsease  of  the  parotid  gland.  In  1823  Davidge  first  tied  the  carotid 
artery  for  fungus  tumor  of  the  antrum.  The  primitive  and  internal 
carotids  were  fintt  tied  simultaneously  by  Gordon  Buck,  of  Kew 
York  Gty,  in  1857,  and  again  by  Briggs,  of  Nashville,  In  1871.  The 
internal  carotid  was  tied  successfully  above  and  betow,  for  secondary 
beaiorrhage,  by  Sands,  in  1874,  Camochan  tied  both  carotids  for  the 
fint  time  for  elephantiasis  arabum  of  the  neck  and  face,  in  1S67. 
The  Bubclavian  artery  in  its  third  portion  was  first  tied  succcMfuIly, 
for  the  cure  of  aneurism,  by  J.  Wright  Post,  of  New  York  City,  in 
September,  1817.  Thoaubclavian  artery  in  its  first  portion  was  ligated 
for  the  first  time  by  J.  Kearney  Kodgers  in  1845.  The  patient  died 
and  the  vessel  bae  never  been  tied  BuccessfuUy  until  1892,  wb«n  it 
waa  tied  b>*  Halsted,  of  Baltimore.  The  operation  was  for  the  cure 
of  aneurism,  and  the  sac  was  dissected  out  by  removal  of  the  clavicle. 
This  is  the  only  case  in  which  ligation  of  the  subclavian  on  its  tra- 
cheal side  has  ever  been  successful,  althougli  it  has  been  attempted  in 
other  countries;  but  the  vessel  has  never  been  tied  successfully,  ex- 
cept in  this  country.  The  primitive  iliac  artery  was  firet  tied  in  Amer- 
ica by  Gibson,  of  Baltimore,  in  1812.  The  ligation  was  for  the  arrest 
of  hemorrhage  following  a  gunshot  wound.  The  patient  died  on 
the  thirteenth  day.  Valt-ntinc  Mott  tied  the  artery  successfully  for 
the  cure  of  aneurism,  on  March  15, 1827.  In  1S80  Sands  first  tied  the 
primitive  iliac,  by  performing  first  a  laparotomy  and  securing  the 
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vessel  by  this  prooctluic.  The  iotemal  iliac  was  first  Euccc'£!fu1ly1 
for  the  cure  of  an  aneurism  by  Stevens,  in  IKl'i,  and  «RuJii  auco 
fully  by  Mott.  in  1827.  and  by  While,  in  1847.  The  t-wo  internal 
iliucs  wore  first  tied  simultaDeously  for  the  cure  of  double  g1ut«*l 
aneurism  by  Dennis,  in  1886,  upon  a  patient  belonf^ng  to  Dr.  Car-~' 
peuter.  of  Ikioiiton.  In  thia  case  a  laparotomy  was  performed  aa  a 
proliriiinjiry  step.  The  iwime  operator  has  since  tied  BUceessfully  the 
internal  iliac  for  tho  cure  of  gluteal  aneuriam.  for  the  first  time,  by 
laparotomy,  as  a  preliminary  step  to  operatiou.  The  external  ihac 
w»B  tied  successfully  in  IfiH,  by  Doreey,  tmd  apiin  successfully  by 
Post,  in  1814.  Onderdonk,  in  1813,  tied  the  femoral  artery  suc- 
cemfully  for  acute  phlegmonnu!;  int^ammstino  of  the  knee-jnint,  and 
Rodger  did  the  .tame  operatiou  with  suct'ess  in  1824.  Caniochan,  in 
the  yejvr  of  1S51,  tied  the  femoral  artery  for  the  first  time  for  the 
cure  of  elephant iattis  urabum,  thereby  inaugurating  a  new  principle 
of  treatment.  In  addition  to  the  various  lignlioiiB  already  mentioned 
for  tho  cure  of  aneurism,  the  invention  of  a  variety  of  compre.s.«Jon, 
known  as  digital  pressure,  was  earned  into  practice  by  Jonathan 
Knight,  of  New  Haven,  in  1848. 

Tlerc  arc  many  moditicntions  of  digital  pressure.  Wood  utiUzed 
the  bag  of  shot  which  was  suspended  alwive  the  patient,  and  by  this 
means  tbe  pressure  was  effected  by  it  instead  of  by  the  finger.  In 
IS74  Stone  of  Mew  Orleans  first  cured  a  traumntic  aneurism  of  the 
second  portion  of  the  subclavian  artery  by  digital  pressure  upon 
the  third  portion  of  the  vessel.  Martin,  in  1877,  suggested  the  wim  of 
the  elastic  bandage  in  the  treatment  flf  vftrico.'*  veins,  and  recently 
Phelps,  the  method  of  the  multiple  ligature  of  the  veins  from  the 
ankle  to  the  siiphcnouij  opening.  He  applies  somo  60  ligatures  to  the 
limb,  and  the  results  of  his  operationa  have  lieeii  most  aatisfftctoiy. 

There  has  Ijeen  much  divemty  of  opinion  as  to  whom  the  credit 
belongs  for  the  introduction  of  the  Esmarch  bandage.  In  the  public 
clinics  of  the  Jefferson  Medical  College,  at  the  time  of  an  amputntioo, 
the  limb  was  rendered  blondless  by  elevation  of  it,  and  by  the  appli- 
cation of  a  roller  bandage  to  it  by  the  elder  Poiicoa^t  aud  Qross.  Thia 
was  done  before  a  tourniquet  was  applied.  Tbo  vulue  of  this  pro- 
cedure was  not  publiHhed,  and  to  Esmarch  is  due  the  credit  of  having 
adopted  the  principle  with  the  modification  of  the  elastic  bandage, 
and  having  published  it  abroad  for  the  benefit  of  the  profession. 

In  tfie  surgfry  of  the  nervts  the  work  i)Grformed  by  Americans  Is 
most  commendable.  In  1856  Camochan  excised  the  second  branch 
of  the  fifth  cranial  nerve  beyond  Mfckcl's  ganglion  for  the  relief  of 
tic  douloureux,  and  two  years  later  Pancoast  |>erformed  the  same 
operatiou  m  the  pterygoniaxillary  fossa.  The  mortality  of  the  Kraus- 
Hartley  operation  for  the  relief  of  tic  douloureux  by  removal  of  th« 
gasserian  gaaglioo  in  108  cases  collected  by  Tiffany  was  22.2  %.   In 
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a  later  series  collected  by  Murphy  the  murt«lily  of  the  operation 
was  reduced  to  16%.  The  recurrence  of  pain  after  the  operation  is  ob- 
served ia  about  tO  %  of  the  ctises.  This  op«rutiuii  is  one  of  the  most 
beneficent  ones  in  surgery,  aa  it  has  afforded  relief  from  the  moat 
excruciating  piiin  and  siifFering.  * 

In  1863  Gross  removed  the  inferior  nmxilUry  branch  of  the  same 
ncrvo.  In  1871  SandB  excised  a  piece  of  tlie  braelual  ploxuB  for  the 
relief  nf  pcrwstcnt  ncumlRiii  of  a  tmiimiitic  origin.  GnMW  for  the  first 
time  excised  nearly  two  iiii^hea  of  the  spiaal  accessory  nerve.  The 
sutures  of  nerve.3,  even  throe  days  after  division,  have  been  united 
with  rcstonilion  of  the  functiun  of  the  nwve.  Operation  for  the  re- 
lief of  facial  paralyms  marks  a  new  epoch  in  surgery  of  the  nervee. 
There  have  been  12  cases  of  fncial  paralysis  reported  by  Fnure.  In 
these  cases  the  paralyzed  facial  nerve  was  exposed  by  dissection  find 
then  umt<-d  to  thf  hypoglossal  or  the  eleventh  nerve,  and  through 
thi<)  inofu-ulatinn,  motor  .stimuhis  was  gJvcD  to  the  facial,  whieh  had 
lost  its  function.  The  results  liave  been  most  satisfactory,  even 
thou^  the  fjice  had  been  pnrwlyzod  from  five  months  to  three  yeare. 

Amputaiion  showa  a  steady  improvement  in  its  results  during  the 
past  ccnturT)*.  In  rliis  department  of  surgery  American  stirgeons  have 
not  only  taken  the  initintivu  in  the  mure  impurtniit  amputations, 
but  they  have  perfected  methods  deWaed  by  eminent  sureeons  in 
other  countries  throujchnut  the  entire  world.  The  first  successful 
primary  amjiutation  at  the  hiji-joint  was  performed  by  a  Kentucky 
surgeon  named  Braahear,  in  1806.  The  amputation  was  repeated 
nith  sucfi^w  by  Mntt,  in  1S24.  Nathan  Smith  was  among  the  first, 
if  not  the  first,  to  successfully  and  systematically  amputate  at  the 
knee-joint,  in  1S24,  and  the  tochnic  of  this  operation  has  been  per- 
fected by  Markoe  and  Stephen  Smith.  The  first  successful  ampu- 
tation of  the  ankle-joint  in  aiiy  country  was  performed  in  1S42,  by 
Syme,  in  Scotland.  Triple  Bimultaneous  amputations  have  been 
performed  successfully,  also  i]uadru|»le  amputation.  Tliese  are 
among  the  curioaitieg  of  surgery,  and  illustrate  the  preecrvation  of 
human  life  in  the  face  of  the  greatest  dang«r. 

In  the  invention  oj  protkdic  apparatus  the  ingenuity  of  the  American 
mind  has  discovered  a  most  wonderful  field  of  operation,  nocc  in  no 
country  can  be  found  the  meehanism  that  is  displayed  in  the  manu- 
facture of  aluniiiiiutn  artificial  Umbs.  I  have  at  pre^nt  patients  who 
can  walk  and  even  run  with  two  artificial  limbs,  and  one  who  ha« 
artificial  handi)  who  ia  employed  &s  a  pharmacist. 

Staphyiorrlmphy  was  performed  by  Warren,  in  1820,  the  same 
year,  it  is  just  to  state,  that  tbc  operation  was  performed  in  France 
by  Roux,  but  Warren  had  no  knowledge  of  Roux's  method. 

Elision  of  the  tonsil  was  an  oporatinn  placed  upon  a  permanent 
and  safe  basis  by  Dr.  Cox,  of  New  York.    Tliis  surgeon  luveuted,  in 
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1820,  un  instrumont  wHch  included  the  tonsil  in  a  ring,  and  tiaar, 
cut  it  by  a  ring-shaped  knife.  The  guillotine  principle  applied  to  the 
toiisillotome  was  an  improvement  upon  this  iostrunient. 

The  operation  lor  the  reiitf  of  goiter  is  a  great  advance  in  operative 
work,  ance  this  was  foffnerly  one  of  the  most  sorious  operfttionsin 
gujgery.  Wolfer  reports  60  ca^es  collected  from  Billroth,  Socin,  and 
his  owu  clinics  with  only  two  deathn.  Reverdin'^  mortality  was  only 
2.8%,  Kochcr'g  resulta  arc  most  brilliant,  0.2%.  Mikulicz'a,  2.6  %. 
-The  treatment  of  cretiniitm  and  myxedema  by  thyroid  extract  is 
another  method  of  cure  that  has  been  followed  by  recent  success  In 
a  fair  percentage  of  ca«c8,  though  the  use  of  the  drug  must  be  con- 
tinued for  at  Iea«t  two  years. 

Th«  operation  }or  rhinoplasty  to  restore  a  lost  nose  is  one  of  the 
triumphs  of  llie  ceutury,  and  plastic  operations  fur  the  restoration  of 
a  partially  destroyed  nose  is  also  a  contribution  of  modern  surgery. 
Chdloptasty,  or  the  formation  of  a  new  Up,  is  another  plastic  opera- 
tion, the  product  of  a-teptic  eiirgery,  Slomatophaly,  ot  the  repair  of 
defects  of  the  lips  from  contraction  due  to  bums,  aud  metoptatty, 
or  the  repair  of  defects  of  the  cheeks,  tind  blcpharoplasty,  the  repair 
of  defects  of  the  eyelids,  are  illustrations  of  the  beiieBcent  work 
that  gurgerj-  has  achieved. 

Surycry  of  Ok  Gemto-urinary  System.  In  the  department  of  genito- 
urinary surgery  a  great  advance  ha^  been  made  by  the  invention  of 
instrumentB  to  faeilitate  and  improve  the  tochnie. 

The  cystoscope  is  an  American  instruincnt,  Imvinji;  been  invented 
by  Fiahcr,  of  Boston,  in   1824,  Clviale  and  Heurteioup  having  in- 
vented their  instniments  in  1827.    The  cyBtoscope  of  ti>-day  is  oi» 
which  has  been  evolved  from  the  general  principle  of  Fisher's  endo- 
scope.  Otis  has  perfected  the  urethroscope  by  the  addition  of  a  uew 
lamp  for  the  electro- urethroscope.    Klotz  has  also  devised  a  cysto* 
scope  'which  is  in  use  at  the  present  time.  Bro\%'u  has  denaed  a  moet 
useful  uretlind  speculum  for  the  purpose  of  making  topical  applica- 
tion to  the  canal.    The  Gross  urethrotome,  also  Powell's  urethral 
dilator,  and  the  Otis  dilating  urethrotome,  and  the  urethrotometer-| 
are  instruments  deser\'ing  of  worthy  mention.    The  work  of  Bum- 
stead  and  of  Van  Buren  in  this  department  of  surgery  have  already 
world-wide  reputation.    Tlie  operation  of  nephrectomy  for  the  relief 
of  malignant  disease  of  the  kidney  is  of  American  origin,  since  it  was- 
first  performed  by  Wolcott,  of  Milwaukee,  in  1860.  British  sargeoDfll 
give  the  credit  of  this  operation  to  Simon  of  Heidelburg;  but  he  di<ij 
not  perform  his  operation  until  1809,  or  nine  years  after  Wolcott'*^ 
operation . 

Nephrectomy  was  first  performed  in  America  for  gunshot  wound 
of  the  kidney  by  Keen  in  1887,  and  again  two  months  later  for  the 
same  reason  by  Willard,  and  still  again  for  the  same  cause  by  Price, 
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BUcccesfully,  in  18S8.  The  first  successful  operation  for  the  relief  of 
extroversion  of  the  bltidder  wjis  iierfornird  in  Npw  York  by  Carroll 
on  April  13,  1S58.  Pancoast  performed  the  same  operation  eucceea- 
fully  the  Mine  year,  and  Ayros  in  18&9.  All  of  these  cfisca  Ajitcdste 
the  Brilisli  suctresaes  of  Woods  and  Holmes,  although  there  arc  two 
operative  failures  reported  by  Crook  and  Lloyd  in  London  in  1851. 
la  plastic  surgery  of  the  urethra  Another  brilliant  triumph  hiu  been 
made  by  Americau  surgeons.  In  1S92  Alexander  succeeded  for  the 
first  time  in  the  history  of  gcnito-urinary  surgery  in  mstdng  a  new 
urethra,  the  retentive  powers  of  which  were  iwrfect  in  a  case  of 
complete  epispndias  in  the  female.  There  have  been  32  cases  Ja  all  of 
complete  epispiKliuu,  in  none  of  which  heretofore  has  the  urine  been 
completely  under  the  control  of  the  patient.  Physicic  did  an  internal 
urethrotomy  by  a  concealed  lancet,  and  Stevens,  in  J817,  was  the 
&nt  KUrgcon  in  this  country  to  perform  external  pcrinoul  urethro- 
tomy. Ue  revived  the  operation,  which  had  fallen  into  desuetude, 
since  at  the  close  of  the  last,  century  the  mortality  was  so  great  that 
the  oi>eriitioa  was  practically  abandoned.  Prior  to  ItJiU  the  opera- 
tion was  performed  in  this  country  by  several  BUrReons;  notably, 
in  1820  by  Jameson,  in  1823  by  Rodgers,  in  1S29  by  Warren,  and 
later  by  several  eurgeous  connected  with  the  New  York  Hospital, 
among  whom  may  be  mentioned  HoffmuD.  Post,  Watson,  imd  also 
by  Alden  March,  of  .Albany,  and  Wood,  of  New  York  City.  With- 
out doubt  the  operation  has  reached  its  present  stale  of  perfection 
through  the  labors  of  Gouley,  who  suggested  the  whalebone  guide, 
the  tunneled  catheter  staff,  and  the  leaked  bistoury. 

Hypertrophy  of  the  prostate  is  a  distressing  and  fatal  condition 
which  modern  surgery  in  the  course  of  tis  development  has  to  a 
certain  extent  relieved,  if  not  cured,  in  a  large  peruentage  of  cases. 
It  is  one  of  the  triumphs  of  the  art  within  tho  period  of  time  of  which 
ao  inventory  of  the  pre.ient  surgical  operations  is  taken.  A  review  of 
the  operation  for  the  relief  of  hypertropliy  of  the  prostate  would  be 
incomplete  without  an  acknowledgment  of  the  work  of  Reginald 
Harrison,  Alexander,  and  White.  As  regards  the  benefits  which  have 
.accrued  to  these  sufferers  from  castration,  it  may  be  staled  thnt  Wliite 
has  shown  that  66  %  or  more  have  return  of  the  power  of  micturition, 
most  of  them  a  relief  of  the  cystitis,  and  nearly  all  freedom  from  pain. 
In  a  series  of  fi8  cases  with  7  deaths  estimated  by  White,  the  mor- 
tality of  the  operation  wae  only  about  7  %.  This  is  after  eliminating 
a  few  dentbs  which  had  no  relation  to  the  operation  itself.  These 
figures  are  striking,  and  as  the  time  goes  on  and  diafrjioais  is  im- 
jMXjved  and  technic  is  perfected,  and  early  operations  are  resorted  to, 
the  percentage  of  alleviation  of  Bymptoms  and  of  mortality  will  be 
even  bolter  than  those  just  meiittoned.  Castration  will  never  lake 
the  place  of  modem  prostatectomy  with  ita  present  \ov  mortality,  and 
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which  i:i  gradually  improving  each  year  from  about  6  %  m  reported 
by  Mayo. 

The  operation  for  suprapubic  prostatectomy  wa^  &Ki  performed 
in  thi«  country  by  Bcllidd,  in  October,  1886.  Prostulectomy  la  an 
operation,  the  technto  of  which  has  been  devised  in  recent  years,  and 
it  ^VC8  great  comfort  to  the  patient  and  saves  life.  Murphy  ha» 
reported  34  consecutive  cusen  without  a  single  death  due  to  the 
operation.  This  operation  has  been  greatly  improved  upon  by^ 
the  use  of  Gouley's  prost-ateetome,  which  facilital«3  the  remov 
of  the  gliuid. 

In  Utliotomy  American  surgeons  have  achieved  brilliant  re«ult8. 
M<;Dowell  did  '-i'l  lithotnniics  in  succession  without  a  death.  Dudley 
performed  over  100  con^cutive  operations  without  a  fatal  oaee.  lu.] 
1846  Willard  Parker  removed  a  calculus  from  the  bladder  by  pro- 
ducting  a  rectovesical  fi.<itula;  and  suksequently  performed  ihitj 
operation  for  tbc  cure  of  chronic  cystitis,  and  in  1861  Boseman  did 
tlii8  .same  operation  to  relieve  a  chronic  cystitis  in  the  female.  In  1 836 
Phyeiek  removed  over  ItKIO  calculi.  These  brilliant  results  in  lith- 
otomy are  most  remarkable  when  it  is  considered  that  there  was  a 
time  in  the  iiicdi<;al  history  of  tliis  country  when  a  patient  actually 
made  the  pilgrinmge  across  the  ocean  in  order  to  secure  the  services  ■ 
a  surgeon  to 'perform  lithotomy. 

Litbolapaxy  is  an  operation  that  was  introduced  by  Bigelow  in 
1878,  and  hns  been  the  moonfi  of  saving  thouganda  of  human  lives 
within  the  post  ciuartcr  of  a  century.  It  forma  one  of  the  meet  promi- 
nent advances  in  surgery  that  has  distinguished  the  centurj*.     By 
litholapajty  is  mcmit  the  crushing  of  a  Blonc  in  the  bladder  wilh  an 
instrument  called  a  lithotrile  and  the  immediate  rapid  evacuation  of 
the  frugmcnta  from  the  bladder  by  a  sj-ringo  especially  made  tmii 
adapted  for  this  purpose,    ft  is  a  matter  of  surprise  and  interest 
that  Bigelow'a  entire  apparatus  for  Utholapaxy  remains  essentially] 
the  same  to-day  as  it  did  a  quarter  of  a  century  ago,  which  dcmon-l 
strates  how  complete  the  mechanism  is  in  all  its  minor  details.  Keye§' 
hns  made  some  great  improvements  iu  Utholapaxy,  thereby  reducing 
the  mortality  of  the  operation,  among  which  may  be  mentioned  in  the^ 
list  of  improved  instruments  the  modem  evacuating-tube,  the  altorn- 
tion  in  the  mechanism,  and  other  improvements  in  the  technic  of 
the  operation.    Kccgan  performed  Bigflow's  operation  59  times  in 
children,  xiith  one  death,  and  Freyer  performed  it  49  times  without 
a  death.    The  record  of  Bigelow's,  or  the  American  operation  of  Uth- 
olapaxy, lias  certainly  won  for  itself  a  fixed  place  in  the  annals 
of  surgcn,'. 

Rupture  of  the  hlndder  was  operated  upon  succesHfuIly  by  a  lapa- 
rotomy by  Walters,  of  Pittsburg,  in  IS&2.  but  to  Sir  William  Mac- 
Cortnack  is  justly  duo  the  credit  of  establishing  this  operation. 
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Bupture  of  the  bladder  has  been  eucceasfully  treated  by  modem 
HUgcr>-.  Fonnorly  tli«»o  patieQt»  nearly  all  died;  (hug  Ullinao'e 
fltatiBtica  Bbov  only  22  reeoverieti  in  237  cases,  and  in  14^  intmperi. 
toocal  niplurcB  oaly  two  patients  recovered.  If  the  pntienta  are  oper- 
ntod  upon  early  ani\  with  awptic  precaution,  the  prognosis  is  as 
briihant  as  it  was  formerly  forlorn. 

Tumors  of  the  bladder  have  been  removed  in  recent  years,  and  this 
operation  marks  an  imporianf  epocli  in  this  department  of  8Urgeiy. 
In  benign  tumors  the  mortality  is  about  10%,  while  in  malignant 
tumoni  the  mortulity  is  25  %.  Tliow;  atatiHtica  arc  certain  to  inipruve 
in  the  future.  Intravesical  cauterization  with  tbe  operating  vysto- 
Kopc  for  small  tumors  of  the  bladder  hue  met  brilliant  results;  thus 
NltKC  bad  IIS  cases  without  a  death. 

In  aurgtry  of  tfu  kidney  great  progrcas  has  been  made.  The  f!oatmg 
kidney  is  siicce-ssfully  anchored,  gunshot  wounds  of  the  kidney 
cured,  renal  calculi  removed,  suppuration  in  the  pelvis  of  the  kid- 
ney arrested,  removal  of  the  kidney  itself  undertaken  for  tuberculous 
and  other  diBeases,  and  tumon)  of  the  ort;an  exni-ied.  These  are 
among  tbe  aehievements  of  modem  surgery,  to  relieve  conditions 
which  were  uniforndy  fatal  in  pre-ancsthetie  and  pre-antiscpt  ic  days. 

Nephrotomy  for  the  extraction  of  calculi  iias  been  performed  and  in 
seeptic  cases  has  n  mortality  of  only  2.9%.  If  infection  is  present 
the  mortality  reaches  23  %.  If  iieplirectoniies  for  the  past  ten  years 
■re  taken,  irrespective  of  the  disease  for  which  the  operation  is  per- 
fonncci,  surgery'  huit  obtained  a  grcjit  victor}',  since  in  ^65  cases  of 
lumbarnephreetomies  there  wasa  mortality  of  17%, and  in  105  cases 
of  abdominal  nephrectomies  there  was  a  mortality  of  19%.  These 
6{urcs  indicate  what  surgery  has  accomplished  in  casch  heretofore 
fatal. 

^'ephr^tiom^J  for  the  relief  of  tubcrculouB  kidney  marks  a  great 
advance  in  surgery  of  recent  years.  Statistics  ^ow  that  in  22 
nephpectomiee,  16  patients  recovered,  or  about  70%.  lo  another 
group  the  recoveries  were  from  12%  to  33%. 

Aneurism  of  the  retml  artery  has  been  operated  upon  by  Albert. 
Hubn,  and  Keen,  and  all  of  their  patients  recovered. 

Woundt  of  the  -ureters  h&ve  been  succe^fully  sutured,  a  triumph 
of  modem  surgery,  and  tbe  ureter  itself  catheterized  for  diagnostic 
purposes. 

Malignant  tumors  have  been  treated  ivith  briihant  success  in  recent 
years.  In  fact,  so  much  so  in  certain  varieties  that  the  term  seems 
almost  a  niisnoiner.  In  the  management  of  malignant  tumont, 
American  surgeons  have  diaplayed  great  ability.  The  early  work  of 
Warren,  of  Boston,  was  among  the  first  attempts  systematically  to 
collect  and  study  neoplasius  from  a  clinical  point  of  view.  The  writ- 
ings of  Gross  upon  tumors  demand  more  than  a  pasang  notice. 
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while  the  contributions  of  Shradyand  ofMudd  tocAiicerof  the  tongue 
are,  most  exhsusti^-e. 

MalignBTit  tumors  are  now  often  cured  by  radical  operations.  A 
century  ago  theae  oaaea  prewnted  a  frightful  mortality.  In  the  course 
of  the  development  of  eurgorj-,  ovring  to  ancithcfiia  and  antiseptics, 
more  radical  operationn  are  permissible,  and  curcii  arc  now  effcct«l 
where  formerly  death  waa  the  inevitable  result.  The  study  of  sar- 
coma is  fraught  with  great  interest  on  account  of  the  meager  know- 
ledge, and  of  its  greut  importance  owing  to  the  fai^t  of  the  terrible 
mortality  which  attends  the  disease.  Sarcoma  of  bone  inevitably 
terminates  in  death,  and  ita  early  recognition  and  its  complete 
removal  are  subjects  whltb  are  worthy  the  profound  study  of  the 
surgeon.  Sarcoma,  in  the  large  majority  of  cases,  is  a  disease  mor« 
deadly  in  its  nature  than  any  other  variety  of  malignant  tumor.  Ita 
unprecedented  rapidity  of  growth,  its  widespread  metaslases,  its 
insidious  development,  its  uncertainty  of  early  diugnosis,  its  absolute 
certainty  to  kill,  make  this  disease  a  subject  of  paramount  importance. 
In  this  address  a  study  of  the  varieties,  the  etiology,  and  the  dia* 
gnosis  htia  no  place.    The  prognosis  concerns  us  only. 

The  prognons  in  sarcoma  is  m  gloomy  a»  can  be  imagined.  It  is 
a  disease  which  destroys  life  rapidly  unless  arrested  by  amputation. 
The  prognosis  may  be  modified  as  rcgarda  time  by  the  situation  and 
the  particular  cell  variety  of  the  sarcoma.  In  whatever  way  w  look 
at  the  prognosis  it  is  serious.  On  the  other  hand  a  radical  amputation 
may  re«;uc  a  patient's  life,  even  in  the  caecu  of  the  most  ataligcant 
variety.  I  shall  refer  to  some  statistics  already  published  by  others, 
and  present  the  result  of  my  own  personal  work,  as  e\'idence  of  the 
progreaa  which  surgery  has  made  within  the  past  quarter  of  a  century. 
For  purposes  of  illustration  the  malignant  tumor  known  aa  sarcoma 
will  be  first  considered. 

Sarcoma  of  glands  is  a  malignant  tumor  concerning  which  reliable 
statistics  arc  very  meager.  The  great  English  authority.  Butlin, 
states  that  he  fails  to  discover  a  single  case  of  permanent  recovery 
after  operation.  In  my  list  there  have  been  12  cases  of  sarcoma  of 
the  glands  up  to  1S0&,  the  subsequent  histories  of  which  arc  all 
known.  There  have  been  some  cases  since  that  date;  but  sufficient 
time  has  not  elapsed  ance  operation  in  some  of  the  cases,  and  unre- 
liable histories  in  some  other  cases,  prevent  the  tabulation  of  these 
cases  subsequent  to  1895.  The  principle  of  cure  is  the  essential 
feature,  and  the  data  up  to  1895  have  been  most  carefully  investigated. 
This  may  be  said  of  all  the  cases  of  sarcoma.  In  these  12  cases,  re* 
covery  occurred  in  ever>'  case  but  one,  thus  giving  83.3%  of  per- 
manent cures  beyond  the  three-year  limit  of  time.  In  these  1 1  suc- 
cessful and  permanently  cured  cases  of  sarcoma  of  the  glands,  there 
were  some  which  were  very  large.   In  two  the  tumors  involved  the 


DEVELOPMENT    IN    NINETEENTH    CENTURY      373 

neck,  one  of  whirh  was  Inrger  thnn  a  child's  head,  necesntating  a 
d««p  Mid  dangerous  diifsectJon,  which  exposed  the  Iarg«  cervicnl 
vessels.  In  another  caee  the  tumor  waa  «tu&t«d  about  the  femorftl 
vessels.  Some  of  the  tumors  were  removed  in  the  pregence  of  alarm- 
log  hemorrhage  and  involved  a  most  formidable  operation.  Tims, 
in  Mreoma  of  glanda  with  100%  mortality,  the  pcrniAticttt  cure 
amounted  to  S3.3%  in  the  12  caaes. 

ScrcoTTKi  of  bone  in  previoue  years  has  been  attended  with  a  fright- 
ful morlftlily  wntil  surgery,  with  mod<-n]  technic,  has  come  to  the 
rescue  of  these  unfortunate  sufferers.  Butlin  records  78  cases  of 
Bubperioffteal  sarcoma,  of  which  the  results  in  28  cases  wore  xuiknown, 
and  in  6  cases  more  the  patients  had  not  reached  the  three-year  limit 
of  time,  which  leaves  44  cases  in  which  the  full  subsequent  histories 
are  knoiiii.  Of  these  44  cases,  14  died  of  the  operation  and  29  from 
recurrences,  whii'li  leavesbut  1  permanent  cure  in  the  44 ijasea.  There 
are  thus  78  cases  in  wliieh  the  operation  was  performed;  14  of  the 
pnticnte  died  from  the  immediate  effects  of  the  operutioD,  which 
givee  18%  mortality  for  the  operation  itaeif,  and  of  the  44  patienta 
wbcee  full  subsequent  histories  are  known,  there  was  but  J  per- 
manent cure,  or  2%.  In  my  list  I  reported  21  cases  of  subperioiibeal 
sarcoma  of  bone  in  which  an  operation  was  performed,  !  of  wfaiph  waa 
an  amputation  of  the  hip-joiut,  and  the  patient  died  from  the  im- 
mediate effects  of  the  operation.  Thia  gives  only  5  %  mortality  for 
the  operotion  itself.  The  hiHtories  of  4  are  imknown.  In  the  remain- 
ing 17  cases  of  the  original  21  ernes  in  which  the  results  are  known, 
there  are  3  deaths.  I  of  wliich  has  judt  been  referred  to  as  a  result 
of  shock,  and  14  cures  beyond  tha  three-year  limit  of  time,  which 
gives82%of  pi^rmanent  cures.  Thia  is  in  marked  contrast  to  Butlin's 
statistics,  which  records  only  2%  of  permanent  cures. 

Sarc<mia  of  the  breael  is  a  disease  that  formerly  was  most  fatal. 
Modem  surgery  has  accomplished  much  in  reducing  the  terrible 
death-rate.  Butlin.  in  his  book  on  malignant  disease,  gives  no  results 
either  a«  to  mortMiity  or  as  to  permanent  recoveries.  William.**,  in 
his  book,  reports  10  eases  of  sarcoma  of  the  brea,it,  in  wlueh  no  deaths 
occurred  in  consequence  of  the  operation  itself.  The  subsequent 
histories  of  only  2  out  of  the  10  cases  are  known.  Death  occurred  in 
the  2  eases  within  2  years  from  the  date  of  the  operation.  The  per- 
centage of  permanent  cures,  therefore,  amounts  to  zero,  since  no 
patient  recovered  so  as  to  be  free  from  the  disease  for  a  period  of  3 
years.  It  is  to  bo  regretted  that  nothing  is  known  of  the  8  cases  since 
among  the  list;  there  may  be  aomc  cases  of  permanent  cure.  It  Is 
unfortunate  that  these  caaes  have  been  lost  sight  of,  since  no  statistics 
of  permanent  euro  can  bo  recovered  imless  the  result  ia  known. 
Gross  reports  91  cases  operated  upon,  of  which.  12  were  permanently 
cured,  giving  13%  of  permanent  cures. 
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1  operated  in  6  cases  of  sarcoma  of  the  breairt,  in  which  no  deatl 
occurred  in  couscqueiico  of  the  oporalioii  itself.     Tlio  subecqiwot' 
hietoriw  arc  all  known.    Four  of  the  6  piiljcnt«  vrcrc  pfrmaneutly 
cured,  and  the  remaining  2  <lted  from  a  return  of  the  disease.    This 
gives  62j  %  of  pcrmancDt  cures  in  sarcouia  of  the  breast. 

Carcinonia  o/  Ike  bretut  affords  a  striking  illustrutiuti  tif  a  disetiec 
over  which  surgery  has  gained  a  decided  \ictory.  There  is  no  more 
brilliant  examplt  to  show  the  progress  of  Hurgery  during  the  past 
century  tbau  ie  found  iii  &  study  of  cancer  of  the  female  breast.  The 
necessity  of  tin  investigation  of  curcinoma  of  Ihu  brc-u«t  cnn  be  cdLi- 
niated  ivhen  it  i»  considered  that  in  England  alone  there  are  7UU0 
deaths  annually  from  carcinoma,  and  that  there  are  :i0.000  patients 
suffering  itt  nil  times  in  that  country  from  this  affection,  of  which 
number  a  large  proportion  Juvolve  the  breast.  When  it  ih  considered 
that  60%  of  the  cases  of  carcinoma  of  the  breast  die  within  three 
years,  and  that  a  third  die  n-itldn  two  years,  and  that  of  all  of  ihe 
tumors  flffeeting  the  breast.  80  %  consist  of  carcinoma,  some  idea 
can  be  formed  of  the  ovcrwhchning  interest  and  paramount  im- 
portance of  this  subjetrt.  The  mere  fact  that  carcinoma  causes  more 
deaths  in  the  United  ^^totes  in  one  yejir  than  the  sum  total  of  deaths 
due  to  crvDipcliui,  tetanus,  hydruphobiu,  lighting,  typhlititt,  gunshot 
wounds,  joint  disease,  together  with  well-known  surgical  affections, 
conveys  at  once  an  idea  f>f  the  nide  dimensions  of  this  subject. 
Carcinoma  causes  nearly  half  as  many  deatlis  m  a  year  in  the  United 
States  as  arc  cs-used  by  accidenta  and  injuries  of  all  kinds  and  de- 
soriptionR. 

Dr.  Billings  has  demonstrated  by  statistics  that  carcinoma  is  a 
diseajse  which  is  tflowly  increasing,  and  that  it  is  a  cauao  of  a  larger > 
proportion  of  deaths  in  nations  which  have  reached  the  highest 
state  of  civilisation.  For  example,  in  the  United  States  in  a  year 
there  were  over  13,000  deaths  from  carcinoma,  of  which  there  were 
twice  as  uiuny  deaths  among  females  as  among  males.  There  were 
1387  cases  of  death  from  carcinoma  of  the  breast  alone  in  this  coun- 
try during  the  year  1880.  and  since  then  statistics  slmw  the  disease 
is  still  increasing.  The  mortality  of  this  diseaBC,  if  left  unoperatod 
u|)on,i9  nearly  100%  at  the  present  time,  just  as  it  has  always  been. 
The  mortality  of  the  patients  operated  upon  formerly  was  consider- 
able, and  the  percentage  of  perniancnt  cures  very  small,  while  now 
the  operative  mortality  is  ver>-  small  and  the  percentage  of  per- 
manent cures  is  very  high. 

I  shall  refer  to  my  own  personal  experience,  the  results  of  which 
I  have  already  published,  adding,  however,  that  the  results  in  the 
more  recent  cases  are  even  better;  but  the  data  In  full  are  not  pos- 
sible to  collect  fur  many  reasons,  and  chief  among  these  is  the  three- 
year  limit  of  time.   I  have  collected  within  a  ^ven  period  a  series  of 
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1 16  cases  of  tumor»  of  the  breast,  19  of  which  were  not  operated 
upon,  leaving  97  casw  in  which  the  breast  was  amputated.  In  the 
fl7  caaea  of  amputation  there  was  but  one  <leath,  thus  giving  a  mor- 
Ulily  of  a  Uttle  over  1  %.  The  one  fatal  c**e  was  duo  to  the  presence 
of  bemopliiliu  and  is  a  dpiith  that  might  have  ncciirred  in  coiincctioD 
with  any  other  operation,  no  matter  how  intiigiiiBcant  in  character. 
This  death  can  thfreforo  with  propriety  be  excluded  as  far  as  bearing 
open  the  mortality  of  this  speoiul  operation,  and  if  so,  there  is  an 
unbroken  ecries  of  96  consecutive  operations  without  a  death.  In 
addition  to  tbe  reductton  of  the  mortality  of  the  operation  from  aa 
high  as  23  %  recorded  by  Billroth  to  a  nero,  there  was  no  case  of  p>'e- 
mia,  septicemia,  or  eryspeias  of  the  97  cases  of  amputation  of  the 
bfMSt.  Twenty-three  cases  of  Bftrooma  and  othertiimors  than  cancer 
mui^t  be  eliminated  in  order  to  compute  tbe  percentage  of  pertnauent 
cures  of  pure  carcinoma  of  the  breast.  These  cases  of  surcoDia  of  the 
breast  are  discussed  in  connection  with  the  subject  of  sarcoma.  Of 
the  74  cases  of  pure  carcinoma  of  the  breast,  the  subsequent  biatories 
of  ■*!  are  known.  Throe  of  these  puticuts  huvc  not  reached  the  three- 
year  Umit  of  time,  although  they  are  still  alive  and  free  from  the 
dueese;  there  remain  38  eases,  therefore,  of  pure  carcinoma  of  the 
bfeaet  in  which  the  full  liubsequcnt  liistorics  arc  known.  In  these 
38  cases  there  are  17  cases  in  which  a  permanent  recovery  has  taken 
place.  This  gives  45  %  of  permanent  cures.  Among  these  38  patients 
wboM  histories  arc  known  there  were  but  2  local  recurrences,  which 
pvee  but  a  little  over  5  %  of  local  recurrences.  Since  the  publication 
of  ttiiK  series  I  have  had  15  consecutive  enses  nf  pure  carrinoma  of  the 
breaM  with  no  mortality  from  the  operation  itself.  Of  these  15 
caM«,  1  died  several  weeks  following  the  operation  from  bcmo- 
ptiilia,  in  which  the  major  joints  were  filled  with  blood,  and  the 
greater  part  of  the  body  was  affected  with  aubcutaneou.s  hemor^ 
rlia^^  Two  of  the  15  have  not  yet  reached  the  three-year  Hiiiil  of 
time.  Then?  are,  therefore,  13  cases  in  which  the  full  subsequent 
histories  are  known;  2  of  these  patients  died  from  a  recurrence  of 
the  diaeaae  and  1  from  hemophilia,  as  stated  before,  and  the  remain- 
ing 10  have  paaeed  the  three-year  limit  time.  This  gives  77  %  of 
permanent  cures  in  cancer  of  the  breast  in  the  last  15  consecutive 
cases.  I  believe  the  last  15  consecutive  cases  will  yield  even  better 
results.  At  all  events,  the  niortality  was  nero  and  the  ))crmanent 
cures  »cm  Hkcly  to  be  higher  than  77  %.  Modem  8urgcr>'  han  much 
of  which  to  be  proud  in  connection  with  amputation  of  the  breast, 
since  the  friglitful  mortality  of  a  century  ago  haa  been  replaced  by 
a  steadily  incrca«ing  percentage  of  permanent  cureji.  In  the  future 
even  the  present  favorable  percentage  of  permanent  cures  will  be 
increased  as  early  and  more  radical  operations  are  prnetiecd. 
In  1820  Sidney  Smith,  the   great   literary  genius  of    bis  time, 
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made  uae  of  th«  roUoving  phrases  ia  the  Edinbur^  Rwiew,  which 
furtu8b«e  somewhut  iimudng  reading  in  the  light  of  to-day:  "Amer- 
icans have  done  ubnolutely  nothing  for  the  sciences.  ...  In  the 
four  quarters  of  the  globe,  who  reads  an  American  book?  What 
does  the  world  yet  owe  to  American  physicians  iind  surgoous? 
What  new  substances  have  their  cheniistii  (iiseuverud?"  The  con- 
tradiction of  the  first  phrase  that  "Amencans  have  done  absolutely 
nothing  for  the  scienceti"  tit  found  in  the  brilliimt  luiil  wonderful 
arhievenientB  performed  by  them,  as  recorded  in  this  address,  by 
vhich  mitlioDS  of  human  lives  are  sa^'ed.  "In  the  four  quarters  of 
the  globe,  who  reads  an  American  book?"  To  such  a  challenge 
facts  reply  louder  than  wordH.  Were  you  to  take  from  the  world's 
medical  literature,  alone,  all  that  liae  been  contributed  by  Amer- 
icans during  the  past  century,  the  result  would  be  aslonisliing  and 
the  loss  incalculable.  "What  does  the  world  owe  to  American  pby- 
aciane  and  eiirgcona!"  To  thie  challenge  the  record  of  new  opera- 
tions, bold  and  undreamed  of,  the  inveation  of  new  processes,  the 
introduction  of  new  inetrumouls  and  methods,  all  of  which  I  ha\'0 
endeavored  to  outhne  rupidly  in  this  uddrcsa,  is  the  abxmdant  re- 
ply to  this  unique  interrogative  viewed  in  the  light  of  to-day. 
"  What  now  substances  have  their  chemists  discovered?"  The  suffi- 
cient answer  is,  "ftnesthecaa,"  which  one  diacovcry  apart  from  all 
the  other  noteworthy  ones  which  our  chemists  have  made,  places 
the  civilized  world  under  unspeakable  obligntions  to  America. 
Aneuthcaia  is  by  far  the  greatest  and  most  far-reaching  discovery  of 
the  century,  a  gift  to  the  world  which  cannot  be  eetimated,  a  direct 
benediction  from  God  upon  mankind  for  the  saving  of  life  and  the 
escape  of  humanity  from  pain. 

In  a  review  of  the  statistics  ^hat  have  been  presented,  one  pro- 
minent fact  stands  out  in  clear  and  bold  relief,  and  that  is,  that  all 
along  the  lice  constant  and  marvelous  improvement  has  been  made 
in  the  science  of  surgery,  To  this  statement  there  u)  not  a  single 
exception  in  the  entire  surgical  domain.  Everywhere  and  in  every 
department  there  haa  been  uninterrupted  progress  —  a  progress 
which  has  not  been  liindered  or  hainpere<l  by  the  loes  of  any  past 
discovery. 

In  nearly  all  the  other  arts  and  aciences  there  is  something  which 
has  beeu  lost.  They  have  advanced,  indeed,  most  gloriously,  and 
their  present  development  is  wonderful  in  the  extreme;  j-et  each 
one  has  dropped  some  goofl  thing  by  the  way  which  can  never  be 
recovered.  Tli^r  votaries  in  bygone  centuries  possessed  some  se- 
crets in  methods  and  processes  which  not  only  died,  but  e%-idently 
iiere  buried  with  them.  By  these  they  sixured  certain  remarkable 
results  which  their  modem  followere,  try  as  they  may,  are  unable 
tc  reproduce.    Thus  in  the  art  of  piunting,  sculpture,  architecture. 
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moeaics,  pottery,  and  physica,  there  are  what  we  style  "lost  arts," 
as  Wendell  Phillips  so  eloquently  has  told  U8,  contributii^Qis  frum 
which  have  come  donii  to  us  from  the  past,  which  eaniiot  be  duph- 
cated  in  the  present.  In  painting,  for  instance,  the  superb  color- 
ing of  tlic  ancioule  in  their  Tyriun  purple,  aiid  the  brilliunt  scarlet 
which  ffides  not  in  centuries.  In  sculpture,  the  majestic  cbiseling 
uf  Michael  Angelo,  that  crumbles  not  ii]  ages.  Id  mosaicii,  the  fus- 
ing of  gold  and  fck^i  bo  Ihut  the  yellow  of  the  pre>cious  metal  retains 
its  perfect  color.  In  potterj-,  a  variety  of  delicate  tints  and  grace- 
ful forout  which  baffle  the  skill  of  the  potter  in  tiiese  modem  times. 
In  physics,  the  pyramids  of  Egypt  —  how  were  the  huge  blocks 
of  stonc  ever  carried  to  the  summit,  some  of  them  nearly  500  feet 
above  the  desert  sands,  to  be  laid  there  in  coursen  which  are  abso- 
Ititc  in  re^larity  and  evenness?  How  were  the  gigantic  monoliths 
of  Baalbec  cut  out  of  the  mountnios  and  sot  high  in  the  walls  of 
the  Temple  of  the  Sun?  How  were  the  mighty  obeUska,  16  cen- 
turies B.  c,  braosported  from  the  distant  quarries,  and  then  sot 
on  end  with  perfect  exactitude?  Or  how  was  the  massive  capital, 
weighing  2000  pounds,  ever  lilted  to  its  place  on  the  top  of  Fom- 
pey's  Pillar,  100  feet  in  the  air?  All  these  are  forcible  illustrutions 
of  arts  which  h&ve  been  been  lost. 

But  in  the  seiencc  of  surgery  it  is  wholly  different,  and  there  is 
no  such  counteriKirt .  No  operation,  no  invention,  no  discovery  in 
this  domain  that  was  worth  the  keeping  has  ever  been  lost.  The 
tnitb  is,  surgery,  as  it  is  practiced  nowadays,  is  so  completely  a 
modem  science  that  it  docs  not  rely  u[>on  anythinu  in  the  distant 
psst  for  its  present  or  future  development.  Tliat  distant  past  wa» 
dark  with  horrible  things  which  mny  well  be  tumbled  into  oblivion. 
It  is  only  a  few  decades  a^o  that  surgery  emerged  from  the  black 
period  of  ignornncc  and  cruelty  and  took  to  itaelf  a  new  face  and 
soother  spirit  and  form.  At  once  it  began  its  onward  march,  which 
speedily  became  a  triumphant  one,  difficulties  pving  way  before 
it,  olxttacles  Iwing  overcome,  every  step  an  advance,  with  here 
and  there  a  Diilestone  set  up  to  mark  some  diatin^shod  feature 
in  the  splendid  progress.  By  this  new  science  diseases,  which  were 
formerly  Bttende<l  by  100  %  of  mortality,  are  now  accompanied 
by  almost  100  %  of  recoveries.  In  fact  there  is  no  surgical  disease 
whose  mortaUty  has  not  been  reduced.  No  other  science  can  show 
such  brilliant  achievements,  and  no  other  Sficuire  can  demon- 
strate its  ability  to  save  so  many  human  lives  or  to  ameliorate  their 
condition.  Wo  live  in  an  age  that  is  mar^'cloUB  for  its  discoveries 
and  achievements,  but  in  no  department  of  science  ha^-e  greater 
changes  been  wrought  or  more  brilliant  results  accomplished  than 
ID  surgery.  It  would  now  seem  that  we  hud  almost  reached  the 
goal.    There  are  but  few  surgical  diseases  which  our  art  in  its  pr«- 
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sent  conditioa  of  dewlopmcnt  does  aot  euro.  Tlicrc  iire  but  few 
operations  in  point  of  number  that  remain  for  succeeding  genera- 
tiuns  to  discover.  Tbere  is  still  little  to  gain  in  the  teclmic  of  asepsis 
and  itncstlinsiii,  and  beyoud  the;  impiuvomcut  of  cxiDting  opcrat- 
ive  methods  there  ia  but  little  to  expect.  The  Bcience  of  surgery 
has  accomplished  a  great  worL — one  of  the  greatest  in  the  his- 
tor>-  of  mankind.  Aud  when  wc  cvnaidcr  the  vOKt  number  of  sur* 
gical  diseases  which  are  now  amenable  to  cure,  and  the  very  limited 
number  remaining  for  whieh  the  surgery  of  the  future  is  to  discover 
ways  and  meoua  of  treatment  belter  than  tlioae  to  vrMch  vre  have 
already  attained,  wo  cim  realize  that  we  stand  on  tbo  heights  of  a 
great  profession  —  a  profession  which  but  a  century'  ago  was  crude, 
undeveloped,  and  uncertain.  If  there  are  liigiier  heights  to  be  reached 
in  the  i!cietice  of  surgery,  and  doubtless  there  are,  we  may  rest 
assured  thut  the  vast  and  ever-increaiUDg  wealth  of  this  great  coun- 
try will  be  utilized  toward  their  attainment.  Humanity  demands 
tbJE,  and  this  country  \\'ill  never  be  bchiod  aay  natioa  of  the  world 
in  eumetit  efforts  for  the  promotion  and  development  of  a  science 
whoBe  special  turn  is  the  relief  of  phj^cal  suffering,  and  the  pre- 
Hervution  of  human  life. 

It  is  fitting  on  an  occasion  like  this,  when  a  national  celebration 
is  iu  progress,  that  the  attention  of  this  Congress  should  be  directed 
to  the  part  whicli  our  own  country  has  played  in  the  evolution  of 
this  great  science.  This  part  is  best  set  forth  and  realized  by  « 
study  of  the  tacts  recorded  in  this  address.  The  question,  however, 
as  to  what  has  been  the  inspiring  motive,  and  what  has  been  the 
coDtrolliug  influence,  muBt  bo  sought  in  the  life-history  and  habits 
of  the  ptoplc. 

The  impartiality  and  promptitude  of  the  American  mind  have 
enabled  it  to  seize  nnth  alacrity  upon  the  best  in  every  department 
of  science  and  art,  wherever  found,  regardlees  of  the  aource  from 
which  it  emanates.  Accordingly,  American  aurgeons  all  throu^ 
the  past  century  have  busied  themselves  in  reaping  a  generous 
harvest  from  every  nation  that  had  any  good  surgical  idea,  method, 
or  appliance  to  offer,  and  have  gathered  in  abundant  sheaves  with 
rejoicing,  serenely  indifferent  as  to  the  particular  field  which  pro- 
duced them.  What  mattered  it  to  them  whose  hand  sowed  the 
seed,  or  under  what  influences  it  was  brought  to  maturity,  so  long 
as  the  grain  itself  was  desiralile  and  could  be  secured  for  the  Ameri- 
can gamer.  A  precisely  opposite  spirit  has  prevailed  in  some  other 
lauds ;  thus,  during  our  colonial  days,  when  Orcnt  Britain  and 
Franee  were  easily  foremost  in  surgical  attainment,  so  bitter  was 
their  rivalry,  so  intense  their  national  jealousy,  that  neither  would 
adopt  anything,  no  matter  how  good  or  valuable,  which  had  origin- 
ated nith  the  other.    Of  tato  j'ears  this  a&me  prejudice,  this  ua- 


* 


DEVELOPMENT   IN   NINETEENTH   CENTURY      370 


wiltmgness  to  indulge  in  a  eenaible  reciprocity,  lias  been  nuuiifest 
between  Fruncc  und  Gcrmuny,  to  the  ^rcat  detriment  of  surgery 
in  eacU  of  these  rival  couiitrie8.  \a  an  apt  illustration,  character- 
istic of  tbe  diGference  between  the  Ji^gliah  and  American  spirit  in 
this  regard,  niny  be  cited  tho  fact  that  in  1S33  the  writings  of  one 
of  the  great  French  surgeons,  Deaault,  the  most  noteworthy  con- 
tribution to  the  surreal  literature  of  tbe  world  then  published, 
bad  never  been  translutcd  for  the  use  of  BriUah  BurRCons.  No  Eng- 
lishman  had  the  courags  or  willingness  to  demean  himself  by  so 
doing,  since  he  would  thereby  acknowledge  that  some  good  thing 
might  come  out  of  Fnincc.  Yet  at  that  very  lime.  Smith,  of  South 
Carolina,  rejoicing  as  one  who  had  found  great  spoil,  was  bualy 
engaged  in  putting  IJtesault's  works  into  Eoglish  for  the  b^iefit  of 
the  surgeons  of  America. 

So  in  this  great  triangle  of  nations  formed  by  England,  France, 
and  Germany,  the  surfpcal  knowledge  and  suggestions  of  each  re* 
uoiaed  nilhin  its  own  walled  domain,  untouched  by  the  otliera; 
OQ  the  contrary,  in  a  pleasantly  independent  spirit,  and  having 
no  unfortunate  jealousies  to  cherish,  America  reached  her  eager 
haad  over  the  separating  wall,  and  freely  and  gratefully  laid  hold 
upon  whntcvcr  she  considered  best  in  the  surgery  of  those  and 
other  nations,  appropriating  to  her  own  use,  for  the  good  of  hu- 
manity at  large,  as  many  of  their  principles,  theories)  discoverieB, 
method*),  and  appliances  as  she  coii«iden:d  it  worth  her  while  to 
take.  Availing  herself  of  thege  factors,  utilizing  them  as  stepping- 
stones,  and  combining  them  with  tho  wonderful  achievements  of 
her  own  inventive  genius  and  skill,  she  has  rapidly  rii«en  to  that 
illustrious  height  in  the  surgical  world  which  she  ao  grandly  occu- 
pies to-day. 

It  goes  without  saying,  gentlemen,  that  within  the  past  decade, 
America,  without  any  effort  of  her  own,  without  tho  least  self- 
seeking,  but  through  the  force  of  her  national  greatness  —  moral, 
intellectual,  physical  —  has  come  to  the  front  aa  a  world-power 
anumg  the  nations  of  the  earth.  She  now  ranks  second  to  none  as 
an  important  and  controlling  factor  in  the  congreas  of  nations, 
and  when  she  speakSj  her  voice  commands  the  attention  of  a  listen- 
ing world.  In  this  regard  her  science  of  surgery  has  kept  even  pace 
with  her  political  advancement  upon  the  powers.  At  the  present 
time  her  surgeons  are  not  outclassed  by  those  of  any  other  country, 
while  in  her  contributions  to  the  general  literature  of  surgery,  she 
stands  unsurpassed.  It  is  an  actual  fact,  if  you  were  to  strike  from 
the  notable  surgicul  achievements  and  writings  of  the  world  what 
has  been  contributed  by  America  during  the  past  few  decades, 
there  would  be  left  but  little  of  new  and  original  work  for  the  older 
nations  to  claim  as  tbeJr  own. 
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There  are  muny  things  which  combine  to  explain  the  prominent 
poaitioD  which  AmcricA  bus  taken  during  the  past  ccntur^'  in  the 
cormummation  of  this  grcftt  work.  Chief  umong  them  niay  he  men- 
tioned the  innate  courage  which  our  Puritan  ancestors  possosscd. 
The  imdauntcd  bravery  which  enabled  the  people  of  the  Mayflower, 
and  oihera  of  kindred  heart  and  mind,  to  cross  the  great  unknown 
oceans  and  to  settle  in  the  primeval  forest  for  the  sake  of  liberty, 
has  infused  itself  into  the  American  spirit  and  has  qualified  Amer- 
icans to  attempt  and  to  perform  daring  deeds  in  surgery.  There 
is  no  science  that  ca-Us  for  greater  fearlcsencss,  courage,  and  ner\'e 
than  that  of  flur^ry,  none  that  demands  more  of  self-reUanee, 
principle,  lodependeDce,  and  deterroinatiou  ia  the  man.  Tbese 
were  the  characteristics  which  were  chiefly  conspicuous  in  the  CArly 
fioltlera  of  this  countTy.  And  it  is  these  old-time  Puritan  qualities, 
which,  descending  to  them  in  ordinary  generation,  have  passed 
into  the  surgeons  of  America,  pving  them  boldnes*  in  their  art, 
and  enabling  them  to  -Kin  that  success  in  surgery  wliieh  now  com- 
mands the  admiration  of  the  civilized  world. 


Permit  mc  to  sum  up  in  a  few  words  the  wonderful  achicwmonts 
of  surgery  during  the  centuiy  which  has  gone.  What  has  this 
great  science,  so  young  comparatively  and  yet  so  strongly  and 
splendidly  developed,  accomplished  in  its  onward  march?  Among 
the  blesstngs  which  it  has  bniught  to  the  human  race  may  be  men- 
tioned these: 

The  annihilation  of  pain  during  surgical  operation. 

Tbe  elimination  of  sepHis  5ifter  operations  and  injuries. 

The  eradication  of  pbyacal  suffering. 

The  restoration  of  sight  to  the  blind. 

The  recovery  of  hearing  to  the  deaf. 

The  return  of  lost  functions  to  organs  and  glands. 

The  aseptic  repair  of  injured  parts. 

The  relief  of  the  crippled  and  lame. 

The  restitution  of  speech  and  con^ciouEneaa. 

The  return  of  activity  to  paralyzed  members. 

The  removal  nf  malignant  disease.  . 

The  restoration  of  reason  to  the  insane. 

The  correction  of  bodily  deformities. 

The  alleviation  of  pain  in  diRease. 

The  reaction  from  sliock  and  collapse. 

The  cure  of  lockjaw  and  other  infecti%'e  processes. 

The  intervention  of  relief  in  intestinal  perforation. 

The  extirpation  of  tumors  from  glands  and  cavities. 

The  cure  of  diseases  and  injuries  of  internal  organs. 

Tlie  resection  of  diseaaed  viscera. 
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The  excieion  of  jtiinlK  and  necrosed  bone. 

The  umput^tioQ  of  dieeaaed  members. 

The  cure  of  aaeuristn. 

The  removal  of  cerebral  tmii  spinal  neoplaams. 

The  ifduction  of  mortality  in  all  surgical  diiseascs, 

Til©  entire  removnl  of  mortnlity  in  some  surgical  diaeiiaea. 

The  re«torfttion  of  health  and  reaaon. 

The  salvation  of  human  life. 

Sitfely,  Mr.  Preoident,  and  fellow  members  of  the  International 
t'oagrees  of  the  Arts  and  Science,  the  great  science  to  which  we 
bare  devoted  our  talcntfi  and  our  lives,  the  snicnco  which  kindles 
our  enthuEiasm,  and  of  whos»e  achievement  we  are  justly  proud, 
our  science  of  surgery  during  the  past  century  has  come  as  a  bene- 
diction upon  tho  human  family,  second  to  none  which  the  century 
has  Epoken.  Its  benefita  cannot  be  measured  by  words,  or  realized 
in  thought.  We  arc  apt  to  speak  of  it  as  a  human  achievement. 
la  one  sense,  eo  it  is;  but  it  is  come  in  the  orderings  of  an  all-wise 
Providence;  and  with  grateful  hearts  we  acknowledge  Jt  as  a  gift 
and  blessing  from  the  Almighty  Father  to  His  sufTering  children  in 
the  world. 


PAPERS 


Dr.  Caw.  Decx.  Profrfwor  of  Surgpry  in  thp  New  York  I\Mii-Krn<]iiat«>  Medical 
Sciiool,  and  Chaimiaii  of  the  Section  of  SurKpr\'.  prMcDtcd  on  uitemting  technical 
papftr  "Un  thi>  'l>ehntc  of  Urethral  HiHloestioa  in  Hypospadiu  and  in  Oth^r 
Def«cUi  and  InjuiJCH  of  the  Unthra." 

PnopEnnoH  Jofiakkes  Okiti,  of  the  Uoiveniit)-  of  Berlin,  presented  the  follow* 
ing  aliort  paper  on  "Tbt>  Morptiology  of  C&nccr  and  tLe  Parasitio  Etiolos}." 

Oentlxuex,  —  In  anawvi  to  tbo  request  of  jour  pimdcnt,  Dr.  Carl  Brck.  I 
ftddiTAS  you  Itwlay  ooncerning  Cards omotcua  tumon.  I  can  t^ll  you  nothing 
now,  but  pFrtmpM  It  will  havr  a,  oerlain  iiitcrifat  for  j'ou  U>  liCAr  tlie  v'icwn  of  > 
paili(>lo);iKt  vlio  ngrvi-it  in  gKutml  with  tlio  grcnttT  number  ol  Gtrrniaii  iwtho- 
logiKts  in  regard  to  two  quralionii  which  trad: 

I.  What  uv  Ihf  u)otp''otoKic  cltomctcritrticn  of  nmcrrT 

II.  What  \»  th«  pKMut  poxition  of  tti«  question  of  its  paroBitic  etiology! 

I 

Aa  refcards  tbo  liivt  quwtion  thora  can  Ik  no  doubt  tJutt  the  ctuncttriitic 
detenniuing  «lciiieiildt  are  live  cancer  »IU.  and  the  rancer  cells  am  nothing  cbe 
lliun  «'jillli0li«l  wlU.  Tliey  arv  (-pithplial  rfllln  nil  only  on  rrgnrds  their  »(ruotuiv 
but  OA  rfgords  the  charactt^r  of  their  protoplasm  and  their  nuclei.  Not  onty 
epiltirlial  at  n-garda  their  biolo^c  activities,  thef  ar«  Also  epithelial  as  regwda 
tlivir  origin. 

There  la  no  tnetaplasia  of  conoective  tiaaue,  or  other  ceUs  into  epithelial  colta, 
into  cuiocr  r-Ub.  Uf  counx?  one  twirt  of  epitb'liunk  eui  chan^  tuto  another, 
cylinder  crJk  into  aqnanioua  cpitlu-liiiin.  eqnamouft  relh  into  cylindrr  crIU,  but 
an  epithelial  cancer  cpII  is  ni>v*r  fomwd  from  a  connoctivp  tmue  crll. 

lu  priinnry  caucere  the  fnct  of  llic  dirct^t  orij^iti  of  cnticcr  wlls  from  prefortuMl 
e[»thcliiim  in,  howcvrr.  difllcult  U>  pniv.  :i>  tin-  )tn>nth  of  ii  rannr  is  not  tha 
■lund,  nor  la  ita  primnry  origin.  I.  iniln'il.  in  Ik  \  i  Ihnt  tliere  any  onticrra  lo  which 
the  convcreion  of  preformed  cpilbclial  viia  into  cannr  cells  procceda  continu- 
ouely  in  themirroTindinjt  ti«iie«  At  thefdjte  of  the  primary  tumor,  that  Ihervare 
multicentric  c«nc«ra,  not  only  in  the  oenne  that  at  the  «ame  time  cnncnrouB  tr«M- 
formation  occun  in  numerous  neighboririg  plaoea,  but  also  in  the  sense  that  one 
place  bL'twmiw  carcinomatous  later  llian  another.  I  tvaliEc,  honvver,  that  manj' 
cancitT!)  are  uiiicriiUic,  liiut  lhi.7  originate  from  a  single  crJl  complex  and  poarcw 
only  iirtrratitial,  no  appoeitionol  (rrowth.  Pre\'iouBly  ve  aa&umrd  without  pftief 
a  caiinToui)  tTuiiffdrniulimi  of  preformed  epithelium  wherever  epilheliaJ  and 
CMtirerrrlUranicinHicontHCt.  Thwt  aurh  «  view  ift  not  p^rniiwible  limt  Iweii  justly 
pointed  out  liy  Ritbtrt;  ua  it  is  posaiUe  that  rBJici-toiw  cpithrlium  liaa  grown 
ogsinat  preformed  rpithdiuui  and  »ocoiiiiarily  displaced  thi:);  tut  wc  caacot  go 
ao  far  iM  to  explain  the  rotation  of  cancer  ovlls  with  nomijil  epithelium  which  w* 
find  at  tho  edge  or  in  the  immediate neighhorhood of  ncnnctr  in  thiKvray,  although 
we  ran  often  show  positively  in  serial  sections  that  an  isolated  grovlli  of  pre- 
formed colh  occurs  in  which  the  quality  of  the  eelbshow  a  certain  vaiiation  from 
the  appearance  of  the  mother  oi-lls.  That  in  such  casce  a  special  sort  of  karyo- 
mitosis  occurs,  similar  to  the  mitoeia  of  a  feitiliied  ovum,  I  have  not  been  able 
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toMnnikoVinywVi  bat  without  clou)>t  cluuigta  ia  the  brhnvinr  of  tfip  cfIIh  tovnnlii 
hUIdb  occur.  M  may  b«  bHcmh  rnuvt  coxily  in  Ilic  mnwis  of  ttin  gMtrrHnhnttnal 
tnet.  N'ot  every  ph«nomeDon  cif  gru«t)i  in  pTKfonnc<l  cpithcbum  con,  howcTer, 
b«  tooked  upon  as  the  beginning  of  tiiticon>uBtTiiiuif(tmiatioD,  furllurc  occurs  at 
lh«  bolder  M>d  la  the  neighborhooil  of  ciuaMs  luid  t>1  otiutr  ntpidly  gromng 
toBion,  eeU  division,  as  »«U  as  glycogco  fomiBltoD,  which  are  only  th«  wtpwion 
ofpimly  tiypcrplMi((cproc«eow,  but  wlicns(U8Ciiict<icnieaJinvn«ioiiDf  tbeundcr- 
lyiiiK  liMtw*.  with  tnuiflromution  of  the  cttll-bofly,  oau  bo  donwnstr&tcd.  we  may 
mil  think  of  priniary  cancerous  Irsruifomiatkin. 

Tbe  oriiio  of  runoer  ciilb  from  prefonned  i-|>iihi.-liiiiD  an,  of  counc.  ln'  n>- 
oopUMd  most  c<n«ily  in  vrry  young  cunocns  uiul  Dr.  Domnann,  Ribbrrt's  amiflt- 
aat.  who  collected  *uch  cwkb  luwt  iim-<iti|^t«d  them  carefully  did  a  gival  aen'ic». 
1b  hifl  Tcoently  puhUtiliMl  work  hu  briiisa  proof  of  lhi3  epitheli&l  origiB  of  4mnoer 
Oella  in  young  primary  cnnocra. 

Seoondaxy  coaccn  of  nil  norta  invc  (Wpccinl  support  tn  the  view  that  all  cancer 
eeOa  originate  froca  epithelial  cclla  in  rt^ilar  Kon^ration;  bMnum  tlii>  numerous 
■ritwea  vhicb  caaoer  c«ll«  nhov  let  iw  «ea  bow  tapidly  they  an  dinded;  so 
trnpUly  tiiat  tho  entire  ErovrCli  of  fheM  aeooadary  tumom  may  ]«  completely 
mpkined  in  Ihla  way.  Tli«  oooumnce  of  (he  tir*t  eoiKrcr  eells  in  tho  lympheinus 
of  the  lymph  sJands,  or  th<!  appearance  of  canorr  cclln  in  tjlixid-vcmete,  ahonv  \m 
that  metaatatic  caatctt  o-lla  are  tiie  basis  and  staiting- point  of  new  cancrr  nod- 
alH.  It  cnn  be  mIiov-o  niodt  strikingly  by  fetudy  ol  st'rinl  spctioiis  of  eancrn  of 
tmboUo  orisin  in  tlw  lungH  or  tlw  Una  that  cancwroiiii  icniwtb  in  the  Dt^ighlmrhood 
of  the  -veaael  nJwayn  tak«  its  arigio  from  n  cnnnMotw  penetration  of  the  wall. 
There  b  no  auto -infection  throiiKh  tlin  iininjiirtd  vneel  wail  of  thr  ronreettvc 
tuBuea  iurruundiriK  tli«  walla  ol  thii  vr>Miel,  but  a  eontinuoiu  eonnr-ction  between 
the  embolvjs  and  tli*  prri-vnuculnr  conccr;  the  *mljottie  by  incTViuw  ot  ita  cells 
haa  grown  liuough  the  wall  into  the  MurroundiDK  tiuiic. 

The  Ijchiivior  of  the  parrrnchymii  nelia  at  the  erat  of  the  now  tumor  ^vea 
wpcciol  support  to  the  view  that  nil  oclb  of  the  »eeondary  c-anoer  have  arifH-ii 
Iroin  dbplacMl  cells  of  a  previously  existing  canoer.  As  we  may  show  npreinlly 
«  coDoctm  of  tha  liver,  the  loeal  eella.  Llie  liver  cells,  have  ahnolut^ly  nothing  to  do 
with  the  [oimfttion  of  rancer  celts.  They  Tematn  entirely  passive,  and  arr  ptuhed 
Hiide  by  tho  unintemiptt^ly  dividing  cancer  oelle,  they  become  atrophic  and 
ftiwlly  vnniih  completely. 

All  these  fs^tsi'liowtliatthciepithMialcplla  are  the  euentiaJ  element*  of  canc«r. 
Bat  tliey  are  not  only  tlm  nopntiol  but  thp  onhj  eneenlial  elenirnl.  Thn  tiwue 
vfalch  In  addition  is  prracnt  in  cancan),  atroma,  hna  no  bearing  on  the  nature  ot 
Dancer. 

There  are  carcmomaloua  tumon  without  any  stroma.  In  the  >ot«lled  lymph 
T«aa«l  cascers.  that  is,  the  mowtb  of  caneer  rolls  in  the  lumen  of  lymph  veeaela, 
aa  kiMwn  in  euncen  of  the  tun|n.  of  the  uterus,  and  of  other  porta,  extremely 
dUalad  lyiDpli  spaova  can  he  filled,  for  long  slmlclmt,  entirely  In'  cancer  oelb 
without  a  tmc«  of  stroma  l>piiig  pri^seut.  In  other  cancefii  the  local  tiasuo  of  the 
part  may  (okt^  the  place  of  slrtiina.  Thus  ihrre  are  cuncerous growths  in  the  luiic 
in  which  the  nlvoolnr  lung  franirwark  filU  immediately  the  place  of  cancer 
(tronia.  Thiui,  in  intro-va»cuUr  or  infiltrnting  cnrdnoma  of  the  liver,  the  liver 
tissue  ilMlf,  livor  oelltt,  and  intemtilinl  connective  tissue  form  the  ttroma.  In 
iilher  caeee,  hoivever,  the  cnnoer  atroma  in  a  now  forrnation,  as  la  shown  moat 
plainly  in  many  conoera  of  tho  ductus  thorncieus  in  which  the  lumen  of  the  di- 
eted duct  coouina  not  only  cancer  cells  but  also  stroma,  which  cnnnlitte,  of  course, 
of  completely  new  formed  tiaeue,  but  of  tissue  which  has  originated  from  the 
■aMWt  local  tissue,  namely,  the  Teeael-wall. 

riiifiaaiiii  Williams,  of  Buffalo,  haa  in  my  institute  at  GSttingeo  atudlcd  Huch 


3S4 


SURGERY 


R  ciw  ID  whicli  eliutic  Gbera  vera  pieaent  in  Die  Htrotna.  thn  coDneclioii  of  vMeh 
witli  ttiu  i^luBtic  (iiMiiu  of  thij  dtict  trail  oould  Lu  deiuocutrutud. 

This  shows  that  the  stromA  is  tliroughout  aa  acoeeaotr  tmlmpoitant,  imoMcO'  ■ 
ti*l  component  of  c&QHr;  aitbough  in  certain  ca»t»  Iho  Rtrama  la  of  importMMft 
in  dcWnnining  ttie  diuracter  of  tliu  couuer;  but  ttut »  scirrhua  is  not  diffi^irat  in 
iU  D&tura  (rom  h  soft  medulbry  caoiwr  is  nliown  miMt  clearly  by  the  fsct  that  the 
«>d^ec  and  the  inctsBUuMi*  o(  HoiirliiM  uuky  be  ontircJy  of  a  soft,  medultary  ohar- 
acter. 

If,  as  w«  ha<n>  Mid,  thn  VMenti&l  dmntctor  of  caowr  is  the  uniDt«rmpt«4  origin 
from  preformed  r]iithp]iuin,  ftvni  thn  Kcii^ntifie  iitanilpoint  all  CAnccra  must  bt^r, 
according  to  the  ciutonmry  noniendntuie,  the  naine  of  epithl^llo^u.  To  distin- 
guiab  it  fionintborepitholini  tumon  it  amy  be  d««tK'>a(«^  maliKtiitrit,  dL-t)trucLiv«, 
or  IwlerotopicepitbeUoniiii  f«r  the  di«tiiiguisluag  chAracteristtc  ie,  that  in  cauorr, 
Cl^thoHal  cella  occur  iii  places  Khore  Dpithi^lluin  does  not  l>»loDg-  W))cre  tlirrc  ia 
m  aliarp  line  bvlwn-n  llie  <!pitht*liftl  and  iioti-<!pithcliiU  pnrto  of  mi  organ,  lu  in  tho 
gutro-inlcHtiiuU  tract  (muaculsria  mucosae),  Uie  bHvrotopiii  of  tlit^  conceT  a-lls  ■■ 
»<a«ily  ■hown.  lu  other  placea  it  is  tlie  occurrcucc  of  connpctivG  tiasuc!  incluiioiui, 
mpc«iaUy  of  ohtatic  and  colloid  Tilvra  in  tnaseeo  of  oiuioer  ocUa,  which  proves  that 
cancer  cvlLs  »ru  prewmt  nhitre  tluiy  do  not  Udoiig;  that  tlioy  liava  foned  thoir 
deatnictivc  way  into  other  tiaaiica. 

Another  n;tnilt  of  the  rpitlielinl  nnture  of  mnocr  is,  that  the  forms  o(  cancer  i 
niuHt  1m  di'Lermiiii'd  by  tbn  b«hnvicr  of  rpitttnlial  cancer  cell«.  and  it  is  of  «ap«cial1 
importance  that  howovrr  cancer  oriis  may  differ  from  tiomial  rpithi-liiitn  (aD*> 
pissia  of  Hansemann)  still,  on  the  wholp,  the  cells  of  the  primary  ttmior,  as  welt 
us  tbosoof  the  metiutaara,  retain  a  d«finit«  character  in  their  arrangemantaa  well 
as  in  tlieir  morpholoeic  and  in  their  biologic  behB\'ior. 

Thus,  wr  may  dietiriKTiish  two  groups  of  heterotopic  epithi-Iiamata: 

(1)  Tliose  with  a  typical  arrangement  of  the  (^auour  c«lla; 

(2)  Those  with  an  atypical  arrangemant. 
To  the  Grst  group  belong  (o>  canot-M  {uaually  fonnrdof  pylindi!r<wUfi)i 

alter  the  gland  typ;  (Adunomata)  which  poaaen  ghuiJ  cunub  and  coBqdIcst 
(glandular  stmotum,  and  which,  ^piK-tally  in  the  gastro-iDtaltioal  tract, 
iaf  rei'icntly  |iroducc  u  mucoid  aocrvtiuu.  (&)  Catiocn  wtuoh  rcaemblo  cindeiinisl 
in  the  fonn.  character,  and  atratlficHtionof  tlicir  ot*lbi,  and  which  tiav«  lx>ine  for  m 
long  time  tha  nnmo  of  cancroidtf.  It  ia  «pc«iully  important,  tor  tho  doetritui  that 
all  cancer  cells  ol  motafltBtio  civwtha  oriM  truni  cells  of  the  prinwry  cancer,  that 
in  this  first  icn>iip  of  cancers,  in  adcnoinu  im  woU  ag  onncroidn,  the  cells  in  tha 
metastases  show  the  same  form  and  the  name  arrangement  or  ctmtiGcation  aa 
those  of  the  comespoDding  primnr>'  tiiuior. 

The  Moond  group  is  oompoacd  of  cancers  whose  cells  are  grouped  Irrejcularly 
ia  lieapfl  and  corda  which  show  do  tjiiical  arraogcmeiit.  Tliu  cella  also  show  tea 
nuirlEcd  peculiarities,  although  we  may  aay  that  they  ditT<-r  acoording  to  the 
individual  orgaus  from  which  tile  original  tumor  may  have  developed.  I  migbt 
designate  thi^sc  cancer  forms  with  the  word  which  fonna  the  root  of  caoctoidi 
nnmrly,  Canoer. 

There  ore,  however,  mixed  forms  and  traoaltioa  forms  betwccD  thcM  partlculu 
typM. 


n 

These  fact«  gWa  us  important  hasttf  for  the  second  prinelpal  qtatflttoD,  thai 
regnrding  the  pnrnfiitic  nature  of  cancer;  for,  if  the  primary  canwr  with  all  'M 
metastnscH  ia  nothing  more,  hiitologicaUy  and  hirtOflencitically,  than  a  great 
family  of  epithelial  cells,  which  all  havt  a  common  origin  from  profortncd  epilfce- 
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Emu;  it  b  impnamiblc  tlmt  &  punsituiin  cttn  exUt  l<cr«  lu  tlin  name  w.y  an  in  the 
mD-kDOim  |Ntnuiilic  diitoaMia,  viich  lu  tlir  pyvmic  (liMiutv  or  the  iufuclioiu 
)(miulo>n*t«.  Pun  ■>  »  local  forrantion,  wh/^thrr  in  n  primnry  or  d  metnatntio 
abaons,  tubercles,  f^uituoaU,  ikk1uIc«  of  Icprusy,  sod  BCtnioinycams,  etc,  are 
purely  local  formation*  wh<?revcr  llipy  irrow,  wlwth^r  they  am  primary  or  «ee- 
onduj.  KoocUubU'conii'-clion  cxista  b«twom  pHuiory  nnd  tocondiuy  »beceaB4e, 
between  primaiy  and  mctjutatic  tubcrrciiloiu  dumg* . 

That  pua,  txibrrt-K-a,  «l«.,  (nay  «ri«»,  it  la  »uiBcient  that  pua  coccd,  tuberck 
iMcilli,  etc.,  orrivo  at  a  certAtn  plaoc'.  For  iho  formation  of  M^condary  cancer  it  is 
fcbtohitoiy  neoeemy  that  coaoer  oeLla  from  the  priiiiar>-  tumor,  or  from  a  second- 
ary tuinc»r  otiginating;  in  the  sanie  way,  airtvi-  at  tht>  apot,  and  coDtlnue  their 
(towth.  Id  BKondary  canoera  tlitie  b  an  effectual  transplantation  of  oincttr  culla, 
in  aupptiratioD.  tuliorculoaia,  etc.,  a  tracupiiuitatjoii  of  pam^itic  orguusma,  nhtch 
do  ni>t  tbcnBclv«9  conotituto  the  uew  U-eivu  but  cauee  dpfmitu  plivuomciia  la 
the  locftl  tteUR  without  any  coOpt-mtiun  of  tissue  from  the  pi-iniiuy  loiou.  Ttiii*. 
tlun  exiat*  botirecD  tlu^e  two  groufia  of  procecsea  an  eeHEntial  difiemior,  and  wc 
cannot  conclude  that  becAUM  parnniCca  play  a  rAle  in  aljscen<'9,  tiilxrculMis, 
I'tc.,  that  this  must  neccaaarUy  bi>  thp  case  in  winccrotie  tumots.  We  can.  Iiowev-er. 
•ay  that  if  pnriuiitfii  piny  a  rAle  in  cancer,  these  pnrnfTt«a  niiist  \io  of  an  entirely 
diffcnstit  sort  from  those,  becatise  they  mml  K-nr  thp  iiio«t  intimate  relationship 
to  lh«  ementisl  cancer  ccllx.  ]  fn^l  thnt  it  u  not  iniiMMnihle  that  an  intracellular 
parasite  pUya  a  part  horo,  but  it  cuimot  posvibly  play  an  independent  part;  it 
caoDot  poarably  be  the  decisive  elemt^nt  in  ttie  tumor;  it  cannot  d^t^rtnuift  th« 
aaturv  and  character  of  the  tiimor,  for  the  cellfl  alon*'  do  this. 

I  oOQMder  the  Mistenoe  of  such  paraait**  not  impossible;  — but  what  can  b« 
done  to  ahow  thi.-ir  prv«L-noc? 

Bxperiuwnts  to  drmoitfitrate  the  inoculabiUty  of  tuniora  from  one  individual 
to  anotlwr  show  nothing  in  this  regard,  tor  thia  is  nothing  but  the  trntwplflfita- 
lion  of  ILsBUc  to  aiiotlicr  mdividual.  Periuateuiu  trauspluutcd  (o  another  imima] 
a  able  to  ktow  in  itsi  nrvt  hoAt  and  to  form  curtilofo  and  bone;  or  to  lake  a  mora 
familiar  example,  rpidrnnia  crlla  planted  upon  the  aiirfnoc  of  a.  wound  of  another 
individual  may  asatune  an  extreme  activity.  6ucc»6ful  inoculotion  of  tumors  ia 
in  no  way  difftrpnt.  Hero  it  id  nothing  olw  than  tlie  production  of  a  secondary 
tumor,  or  mctnstnsis  in  n  mcotid  individual.   Pnra^it'.'a  art*  not  rei)Bired. 

If  we  hod  only  eucoocdcd  in  producing  tuberrulosis  by  meana  of  tuberculous 
timiie,  the  truth  could  never  liavo  been  brought  that  lidwteulogi*  wua  produced 
by  tubercle  bacilli.  Tho  paranitic  nature  of  Uiberculoais  was  only  peroiant;ntly 
and  definitely  e«tflMi»bed  by  the  fart  that  by  the  inoculation  of  absolutely  clean 
tubercle  bacilli,  frci*  from  all  ri?.mainii  of  tiwue,  the  came  (vault  could  be  obtained 
■B  by  tiibcrculoufl  tissue,  only  by  tbo  fact  that  abaolutfly  pure  bacilli  always 
produce  primaTy  tuberculosis  in  proper  anlmala.  We  cannot  show  tin:  ctiologic 
naiiire  of  cancer  or  ibt  power  of  tranaplantntlon  by  producing  new  secondary 
cancera  even  in  another  individual  but  only  by  producing  primary  tumon.  Until 
that  auccveda,  and  by  pure.  urtiBcially  grown  orgaobma,  tlie  parasitic  nature  of 
ctooer  hu  not  bMQ  proven. 

Another  queation  remains  to  be  considered.  v\t..  whether  the  present  condition 
of  our  knowled^dcnianda  Hid  aesumptioo  of  a  parasitic  origin  for  ciinenr.  Long 
before  the  [mroaites  of  infectious  diseases  were  discovered,  there  could  be  no 
doubt  thnt  such  niuat  exist;  and  even  to-day  there  ore  di&eaaee.  1  nwd  mention 
only  eyphilin,  in  which  wc  do  not  know  the  parsaitio  caiue,  tut  cannot  doubt  that 
it  must  be  prvMint.  I*  tlu>  condition  sintilnr  as  regards  CAncor? 

The  fact  which  ia  to  be  explained  in  cnocer  ia  the  limitlcM,  tho  heterotopic 
powth  of  epithelial  cells.  I  will  not  enter  further  into  tbe  queatioD  of  tow  this 
■Bey  be  explained  than  to  state  that  there  «iro  many  posaiblu  cjtplauatioiu  ouJ 
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tli&t  the  facta  are  not  such  that  a  Batisfactorj  explanation  can  only  be  obtuned 
by  the  asBumption  of  a  parasitic  influence,  but  that  we  are  quite  able  to  explain 
all  the  phenomena  in  the  morpbologr  and  bistoli^y  of  cancer  without  parasites. 
I  come  thus  to  the  following  condueiona  in  r^ard  to  the  quefftion  of  the  para- 
sitic origin  of  cancer: 

(1)  No  one  baa  at  the  present  day  brought  proof  that  caneer  has  a  parautic 
origin. 

(2)  There  is  no  necessity  of  assuming  a  parasitic  etiology  for  cancer. 

Dr.  Carl  FnaTXR,  of  New  York  CSty,  presented  a  paper  containing  a  Bummary 
of  the  treatment  of  three  hundred  cases  for  hernia. 
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SOME  FUNDAMENTAL   PROBLEMS  IN  OBSTETRICS  AND 

GYNECOLOGY 

BY  JOHN  CIARBNCB  WEB8TEB 

CbmiM  Webeler,  Frof?a».r  of  Obttetrioi  knd  Gviucology',  Rush  Medi- 
cal OoUt-gp,  uUillntcd  with  Chicago  Univt^nitr.  b,  8iiMliao,  li.  B..  C«iuul«. 
B-A.  Mounl  Aili*m  CollHgit.  N.  B..  1882;  M.fl.  CM.  Edinburgh  Uiiivi-raity. 
1S88;  M.D.  itiri,  1S91.  F.  R,  C.  P.  E  1893;  Hpecistl  feludifs  in  r>.ipzig  nnd 
Borlia.  FiistasHstant  in  Dopartment  of  Midvifcry  aodDis^^ASpe  of  Women,  Uni- 
vemtjr  of  EdinLui-gti,  1800-88;  LtctunT  on  Gynecology,  McOiH  Uni^y.'niity;' 
AKHtant  Gyneculogi^t,  Itoyal  \'](--torin  IIospLtuI,  MontJVHl,  tjlO^-OS.  Mrntlwr 
i>f  the  Itoj^al  Acndrmy  of  Mf^icnl  Sci^no.',  Palermo,  Italjy;  British  Alrdicat 
Awocintion;  Fellow  of  Hut  Koyal  Society  of  Edinijurgh;  Edinburgli  UlwUitnual 
Hocii^ty;  Pneidcul  of  Chicago  tiyueco logical  Society;  (tUow  of  Anic-rican 
Medical  Aaeociatton,  and  Ameiican  Gvnccnlogical  Sticiety.  Author  of  vari- 
ous monogrnuha  and  papers,  and  mcdidU  bookH  each  as  Ttxt-Bvok  o]  QbtUtria: 
Ditetutra  ojf  Tromm;  Human  PlartniaSion.  etc.] 

MjIBKED  aa  have  b«eD  tJi«  advances  during  the  modern  ecientiJic 
era  in  our  knowledge  of  wotn&D  in  respect  to  her  anatomic  tind  phy- 
atologic  peculiarities,  hor  spociiiJ  Ulseasea,  and  the  trcutnicut  t}icretif, 
many  problems  yet  await  snliition,  some  of  which  are  chiefly  of 
scientific  interest,  others  of  therapeutic  importtmce. 

In  complying  with  ttio  reijuest  of  the  orgunizcns  of  tliis  great 
Congress,  I  have  fully  realized  the  serioUHness  of  the  responsibility 
which  I  have  assumed  in  restricting  myself  to  the  topics  which  I 
have  selected  for  your  consideration.  I  have  avoided  all  reference  to 
mattcn)  pcriainiitg  to  the  treatment  of  disease,  believing  that  the 
presentation  of  certain  fundamental  scientific  problems  would  be 
more  in  keeping  ^^'itb  ttic  aima  of  thie  convention,  i  have  also 
deemed  it  best  to  conBnc  myself  to  a  few  topics  of  particular  interest 

importance,  rather  than  to  wander  discursively  over  the  entire 

entific  field  open  to  the  gynecologist.  Your  atteotioo  is,  there- 
fore, directed  to  the  following  subjecta: 

1.  The  determination  of  sex. 

2.  The  structure  of  the  ovary. 

3.  The  functions  of  the  ov«ry. 
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4.  Antagonism  between  tnatcrnul  orgaiiiDtn  and  ovum. 

5,  Functions  of  the  placenta, 
Detfrminahon  of  Sex.     From  tho   tjme  of   Hippocrates  to  the 

beginaiag  of  the  cightcciilh  century,  about  five  hundred  Uieoriea 
relative  to  the  c|ue»tioD  of  eex-deterroinatlon  had  been  advanced. 
During  the  Inst  two  hundred  yenrs  this  number  has  been  consider- 
ably increased.  At  the  bcgiauing  of  the  twentieth  century,  it  must 
be  frankly  admitted  tha.t  the  problem  of  sex-determination  in  the 
hijiher  vert-ebrates  generiiJly  still  remaina  to  be  solved.  The  moat 
important  observations  and  experiments  bearing  on  the  question 
have  been  made  during  the  last  fifty  years,  ontl  from  a  study  of 
these  it  would  appear  thn,t  the  most  eithauative  reftearcbes  in  com- 
parative and  experimental  embryology  and  physiologj-  will  be  neces- 
sary bffwre  the  difficulties  of  the  subject  can  be  elucidated.  The 
datu  fuinuihed  by  the  study  of  human  beings  are  scanty  and  of  little 
value.  Most  of  thestatements  which  have  been  made  are  speculative 
in  nature,  or  of  doubtful  accuracy.  Certain  it  ia  al«o  Ihntall  altempta 
to  regulate  the  production  of  sex  in  the  human  fetus  in  utero  have 
met  with  failure. 

In  many  countries  tho  belief  has  loniz  been  current  that  the  sex 
of  the  Iiuinan  fetus  could  be  modified  during  a  greater  or  less  period 
of  its  uterine  life.  Now  we  know  that  the  sex  is  fixed  at  least  by  the 
beginning  of  the  second  month,  for  at  that  lime  the  mjcroecope  can 
distinguish  ovarian  from  testicular  etructure.  It  is,  therefore, 
scarcely  credible  that  any  reversal  of  sex  can  be  brought  about  aft«r 
this  period  by  any  conceivable  combination  of  iiiHuenres.  We  must, 
indeed,  look  to  i-onditions  cxieting  during  the  first  month  of  gesta- 
tion, or  at  the  time  of  the  meeting  of  k  per  mate  xnnn  and  ovum,  or  to 
influences  affecting  cither  or  both  of  the  latter  before  conception,  io 
order  to  find  cxplunution  of  sex-determination  in  the  human  embryo. 
Those  who  believe  that  both  sperm  and  ovum  share  iu  the  production 
of  sex  refer  to  the  various  alati&tics  giving  the  relationship  of  tho 
parental  agea  to  the  sex  of  the  o(I(*priiig.  Hofnckor  in  1823,  and  Sadler 
in  1830.  independently  stated,  as  the  result  of  an  analysis  of  about 
2000  births,  that  when  the  father  is  the  older  the  o^spring  are 
preponderatingly  male;  while  if  the  parents  be  of  the  same  age,  or  if 
the  mother  be  older,  there  Is  a  larger  percentage  of  female  children. 
This  generalisation,  termed  the  law  of  Ilofackcr  and  Sadler,  baa  been 
the  subject  of  much  debate,  Iiaving  been  upheld  by  Bome  and  denied 
by  others  during  tho  lost  70  years. 

Those  who  believe  that  the  influences  determining  sex  belong 
to  tlic  ovum  entirely  find  no  evidence  to  aupport  them  from  a  study 
of  the  highest  forms  of  life,'  though  there  is  strong  corroboration 
from  investigations  made  among  lower  forms.  Thus  in  cnaes  of 
parthenogenesis  it  is  evident  that  the  influence  of  a  male  paternal 
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element  must  be  entirely  elUnmated  la  the  cletermiaatioQ  of  sex. 
B.  S.  Schultze  advanced  the  view  that  there  are  two  kinds  of  ovums. 
one  of  which  may  give  rise  to  rnnlos,  the  other  to  fcnuiloa,  but  thero 
has  been  do  proof  of  such  a  differeDtiation  io  the  higher  forms  of 
life.  In  several  tow  orKanit-ms,  however,  it  appears  that  theee  two 
vftrieliei  (of  ovumn)  fxiKt.  Thiui  Korschdt  desoribee  two  kiods  of 
ovumB  in  the  ovaries  of  th«  worm  Oinophilus  opotris;  one  of  large 
oval  fihape,  developing  into  females,  the  other  eniall  and  round, 
becoming  male«. 

With  regard  to  the  determinatioD  of  ses  by  influeaces  brouglit  to 
bear  either  upon  parents,  the  sexual  elements,  or  cnibrj-oa.  tniiny 
olMwirvationa  have  been  made,  but  trust wortliy  conclusions  may  bo 
derived  only  from  the  study  of  comparatively  low  organisms.  The 
influence  of  nutrition  is  thus  corwidcrcd  of  great  imprcrtancc  in  do- 
lermining  sex.  As  illustrations  may  be  noted  the  variations  in  the 
sex  of  frogs  associated  with  changes  in  the  nutriment  supplied  to 
the  young  tadpoles.  Yiiii^  found  that  when  the  latter  were  left  to 
tfaemsela'ea  the  perconliige  of  romales  was  slightly  in  the  majority, 
but  when  very  rich  food  was  supplied,  92  females  to  8  males  in  evo-y 
huodred  were  produced,  f  n  the  caee  of  bees  it  seems  evident  that  the 
Enfluonco  which  decide*  whether  the  offspring  of  the  fertilized  ovums 
shall  become  queens  or  workers  is  the  nature  of  the  food-aupply. 
Rich  and  abundant  diet  develops  queens;  plain  and  scanty  food 
leads  to  the  production  of  workers,  in  whom  reproductive  orf^ann 
are  undeveloped.  Very  interesting  observations  have  b«eu  made 
upon  plant-lire  or  aphides.  In  the  warm  months  when  food  is  plenty 
ihcy  rc]>roduce  by  parthenogenesis,  tho  offspring  boing  entirely 
female.  Vihtin  colder  weather  and  scantier  food  appear  there  is  sexual 
reproduction  and  an  offspring  of  males.  In  the  artificial  life  of  a 
well-kept  greenhouse,  these  pliasof  may  be  repeated  at  the  will  of 
the  observer,  by  varjing  the  nutrition.  So  far  aa  the  temperature  ia 
concerned,  Gcddca  and  ThnnLinn  state  that  experimt-nt-s  point  to  the 
conclusion  that  favorable  condirinns  tend  to  fenmlent-ss  and  extremes 
(o  malcness  of  offspring.  As  regards  higher  forms  of  life,  it  is  im- 
possible  to  CKtiniute  the  importance  of  nutrition,  tempcraturo,  etc., 
in  the  determination  of  sex,  while  as  regards  mammalians  this  field 
of  inquiry  is  as  yet  entirely  speculative. 

From  what  is  known  of  the  early  embryology  of  many  in  vertebrataB 
■nd  Bomc  of  tho  lower  vertebrates,  it  would  appear  that  their  eariy 
embryonic  life  ia  one  nf  indeterminate  character  so  far  aa  sex  is  con- 
temed,  during  which  various  conditions,  e,  g.,  nutriment,  tempera- 
ture, moir<ture,  light,  may  act  ho  us  to  produce  maleneas  or  female- 
ness  according  to  their  abundance  or  deficiency.  Whereas,  in  the 
higher  vertebrates,  the  period  of  embryonic  sexual  indet^rminatenesa 
(tS  any)  ia  v«ry  short,  and  so  fur  as  is  knonn  no  influence  can  bo 
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troupht  to  bosr  on  the  ovum  wliich  can  in  «ny  wny  dcternunt.-  sex. 
The  mammalian  ovum  developing  in  the  uterus  seems  to  enjoy 
such  a.  sliellered  existence  that  it  is  impossible  to  C0Dceii,-e  that 
change*  may  be  induced  in  its  environment  comparable  to  those 
which  have  been  experimentally  introduced  in  the  study  of  ovums 
and  einbr>'OS  of  low  vertebrate  and  invertebrate  forms  of  life.  Indeed, 
it  would  seem  ihat  the  most,  satisfactory  theory  of  erex-determina- 
tion  in  the  higher  vertebrates  is  that  which  supposes  the  existence 
of  two  formR  of  ovums  —  one  destinwl  to  niaLenes8  and  the  other  t.o 
femaleneae,  though  it  is  impossible  to  establish  any  euch  differentia- 
tion by  microKcopic  etudy  or  chemtc  nnaly^s.  The  elaborat«  work 
of  von  Lenhossek,  recently  published,  strongly  fnvura  thin  view 
that  sex  is  fixed  in  the  ovum  before  the  spermatozoon  fertilizes  it. 
If  such  be  the  case  it  18  quite  futile  to  expect  that  any  alteration  may 
be  brought  about  by  dietetic  or  other  inlluence«  made  to  affect 
the  human  female  cither  before  or  during  gcatation. 

In  this  connection  it  ia  interesting  to  refer  to  the  question  of  the 
occurrence  of  true  hermapbrodiiism  in  the  humaji  species.  Many 
hold  that  this  has  never  been  demonstrated.  Nagel,  for  example, 
states  that  it  probably  cannot  exist,  and  holds  that  the  nvar^-  ia 
jiever  found  with  the  testes  in  cftses  of  so'-ealled  hcrmnphroditi&m. 
Kcccntly,  hoM-evcr,  Sarri  has  described  the  caee  of  on  individujil 
■with  the  external  configuration  of  a  woman,  who  possessed  a  well- 
developed  imperforate  penis.  On  making  a  rectal  exnminfltion.two 
email  bodies,  each  the  aize  of  a  pigeou'g  egg,  could  be  felt  in  the  left 
half  of  the  pt'lvifi,  while  in  the  right  inguinal  canal  an  ovoid  body 
was  found.  An  exploratory  ineision  wa.s  made  over  the  latter  and  the 
swelling  removed,  along  with  a  smaller  mass  attached  to  it.  Micro- 
scopic cxniiUDutiou  proved  these  to  be  testicular  structure  and 
epididymis.  Another  small  mass  near  the  testicle  was  also  examined 
and  found  to  be  ovarian  tissue.  A  Fallopian  tube  and  a  structure 
resembling  the  vas  deferens  were  also  pre!*cnt.  SarriS  believes  that, 
with  the  exception  of  another  case  described  by  Ziegler,  all  other 
records  of  tnie  human  hermaphroditism  are  very  doubtful,  though 
lie  thinks  it  has  been  clearly  demonstrated  in  some  lower  mammals, 
c.  g.,  the  pig. 

The  Structure  of  the  Ovary.  In  spite  of  the  immense  amount  of 
investigation  to  wliich  this  organ  has  been  subjected,  many  points 
in  its  development,  normal  and  patliolo^c  histology,  gtill  require 
elucidation.  It  is  generally  agreed  that  the  ovary  is  developed  from 
epJblast  and  mesoblast  on  the  inner  surface  of  the  Wolffian  body. 
The  epiblaet,  a  specialized  portion  of  the  celoniic  lining,  \'ery  early 
forms  a  mass  consisting  of  several  layers  of  cells,  the  germinal 
epithelium.  In  the  deepest  portions  certain  of  these  cells  increase 
in  aiie,  gi%Tng  rise  to  the  primordial  ovums.  The  Utter  arc  all  formed 
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previous  to  birth.  As  the  epiblast  Ifiycr  increases  in  thickness,  pro- 
cesses of  the  underlying  mesoblast  t>f  the  Wolffian  body  extend  out- 
ward ftmong  the  gcTininal  cells,  fomiiug  a  nelwork-bke  stroiiw,  in  the 
meshes  of  which  he  primordial  ovunu,  frequently  surrounded  by 
germ  cells.  Regarding  the  formation  of  the  primary  follicle,  there 
oro  diCTereaces  of  opinion.  Most  believe  that  the  germ  c«lls  arrttnKC 
Ibemaelves  around  the  ovum  forming  the  primary  oUicle,  in  later 
life  proliferating  to  form  the  membritna  granulosa.  In  1878,  Foutis, 
of  Kdinburgh,  contended  that  the  cella  surrounding  the  primordial 
oinima  arc  derived  from  connective  tissue,  and  lnt«ly  Wcndflcr  *ind 
Clark  have  advocated  this  view.  The  latter  hnH  pointed  out  that 
the  oella  are  usually  epindle-shaped  in  the  early  stages  and  that 
frequently  primordial  oviims  are  found  %nthout  any  special  layer 
of  cells  surrounding  them.  Kolliker  staled  that  the  follicular  epithe- 
lium was  derived  from  Wolffian  epithelium,  but  this  view  has  re- 
ceived little  support.  Regarding  the  changes  between  birth  and 
puberty,  wo  do  not  possess  exact  information.  It  is  behevod  that 
during  this  period  more  than  half  the  primary  follicles  disappear, 
though  the  manner  and  reason  of  the  di.nappearanre  are  not  clenir. 
The  period  of  puberty  is  characterized  by  the  development  of  Graafian 
follicles,  which  rupture  gives  rise  to  the  peculiar  structure  of  the 
corpus  luteum.  In  some  casea  this  phenomenon  may  be  noted 
months  before  the  external  signs  of  puberty  are  detected  and  oc- 
casionally years  previously.  The  explanation  of  these  variations  ia 
not  known.  Some  degree  of  development  of  the  ovum  seems  to  be 
■  normal  occurrence  in  the  pre-puberty  period,  Stevens  has  recently 
described  these  as  follows:  The  follicle  and  contained  ovum  mature 
to  a  certain  extent.  The  single  layer  of  flat  cells  surroimding  the 
dormant  ovum  prnliferates  and  Incomes  somewhat  cubical,  several 
layers  being  formed  —  membrana  granulosa.  The  ovum  increases 
and  is  surrounded  by  a  discus  proligerus;  there  is  also  a  zona  radiula 
and  hquor  folHculi.  At  its  trreatesi  the  follicle  meaflures  about.  .SX  .7 
mm.;  the  ovum,  .IX  .095  mm.  The  timica  fibrosa  is  well  marked, 
and  rcitembles  the  ovarian  stroma,  being  somewhat  more  vascular. 
Sometimes  excessive  liquor  follicuh  collects.  Retrograde  changes 
gradually  develop.  The  ovum  is  invaded  by  cells,  which  arc  ap- 
parently phagocytes,  derived  probably  from  the  membrana  granu- 
losa. Their  protoplasm  ia  vacuolated  and  they  do  not  xeaemblo 
leukocytes.  Necrobiosis  gradually  dcvclopEi,  and  ntost  f^anulona 
cells  disintegrate.  The  tunica  fibrosa  gels  many  capillaries  and  the 
connective-tissue  cells  miiltiply.  On  the  inner  surface  a  hyaline 
layer  of  fibrin  forma,  in  wluch  new  connective  tissue  develops.  The 
follicle  gradually  shrinks,  leaving  a  small  scar  area.  It  thus  appears 
that  the  pre-puberty  changes  in  the  follicles  differ  from  those  in 
adult  life  in  the  following  particulars:    the  ovum  dues  not  reach 
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sucb  a  targe  sie.  The  wall  of  tbe  follicle  external  to  the  membrana 
gnLDuloHS  does  not  present  a  two-l»yer  arrangement;  tliorc  is  no 
rupture  of  the  fallirle;  there  is  no  fomiutioa  of  a  corpus  luteum; 
the  ovum  is  iovadcd  by  phagocytic  cells.  In  adult  life,  also,  it  ia  to 
be  noted  that,  beside  the  follicles  wliicli  rtipturc,  there  are  others 
which  may  develop  to  a  certain  extent  and  then  undergo  retrograde 
changes  before  rupture  occurs.  Tbe  ovum  may  increase,  a  yellov 
body  md^y  form,  owing  to  the  development  of  lutein  eells  in  the 
tbeca  interna.  Then  the  ovum  and  sunxjuiiding  epithelium  degen- 
erate and  are  absorbed,  along  with  tbe  liquor  folliculi.  The  expluna- 
tioR  of  such  a  process  is  not  always  ceriain.  In  some  cases  it  appears 
to  bo  due  to  chronic  inflammatory  changog  in  the  ovary,  but  it  is 
probably  abo  due  to  other  causea  of  wliich  wc  are  ij^noront. 

Regarding  the  bursting  of  the  follicle  there  ia  a  difference  of 
opinion.  Most  authorities  hold  that  the  ovarian  tissue,  being  greatly 
thinned  at  the  moet  projecting  point,  is  grnduftlly  ruptured  by  the 
increase  in  iotrafollieular  pressure  resulting  from  the  acoumida- 
tion  of  liquor  folliculi.  Nagel.  however,  holds  that  owing  to  an 
increase  in  the  thickness  of  the  inner  layer  of  tbeca  folliculi,  to  the 
Bwolling  of  its  cells  with  lutein  particles  and  to  it«  becoming  ^irranged 
in  a  wavy  manner,  pressure  is  made  on  iJie  follicle  contents  from 
without,  and  that  they  are  forced  in  the  direction  of  least  resist^ 
(ince,  vii:.,  outward  toward  the  surface  of  the  ovary. 

Clark  holds  that  rupture  is  due  to  changes  in  the  circulatory 
conditions  in  the  ovary.  Owing  to  the  marked  engorgement  of  the 
organ,  tension  is  increased  and  the  follicular  contents  are  forced 
to  the  surface.  The  vessels  lying  external  to  the  folicle  at  the  bulg- 
ing portion  are  compreeaed,  and  consequently  necrosis  and  disin- 
tegration of  the  tissue  take  place.  Pan  jikmru  with  the  develop- 
ment of  the  lutein  eolU  there  is  fatty  degeneration  in  the  cells  of 
the  stratum  granulofium  and  in  thruie  of  the  diKcus  proligenis.  This 
enables  the  ovum  to  escape  easily  from  the  cells  surrounding  it. 

The  formation  of  the  corpus  luteum  has  given  rise  to  consider- 
able discussion.  Rome  workers  still  hold  firmly  that  it  ia  a  deriva- 
tive of  the  membrana  graauloea.  The  majority  hold,  however,  that 
it  is  developed  from  the  inner  part  of  thcca  folliculi,  which  is  re- 
garded as  a  cellular  layer  of  the  coancctivc-tJasve  stroma  of  the 
ovary. 

Of  great  interest  is  the  obser^'ation  recently  made  by  Stoeckel, 
Pick,  and  others,  that,  occasionally,  corpus  luteum  cells  may  nob 
undergo  their  norma)  growth  and  retrogression  within  the  llmita 
of  the  follicle,  hut  may  wander  outward  into  tbe  ovarian  stroma 
and  even  undergo  atypic  proliferation.  I  have  occasionally  twted 
this  wandering,  though  not  to  a  great  distance;  in  some  instances 
the  cells  contained  abundant   dark  pigment  apparently  derived 


I 


PROBLEMS   IN    OBSTETRICS   AND    GYNECOLOGY     395 

fmm  blood  which  had  been  effused  into  the  cavity  of  the  follicle. 
The  explanation  of  these  irregular  pheoomena  is  quite  uneertaiD, 
wid  is  deserving  of  careful  iDvestigution. 

Another  interesting  hiatolo^c  appearance  has  been  described 
in  recent  years  by  Pels  Lousden,  Sichmorl,  and  others,  viz.,  small 
localiKod  orcus  of  deciduu-like  celEa  iu  the  ovary  in  some  caoea  oi 
uterine  pregnancy.  1  have  recently  examined  ten  specimens  in 
ray  museum,  ami  have  found  these  changes  in  four  ovaries.  In 
one  a  single  area  wtui  found  in  a  complete  accUon  of  the  ovary;  in 
the  others,  two  were  foimd  at  different  portions  and  varying  in 
size-  In  each  instiince  the  areas  were  situated  in  the  cortcK,  at  or 
near  the  eurfncc.  sometimes  projcctinE  elightly  from  the  latter, 
eomotimcs  extending  some  distance  into  the  cortex.  The  cells  in 
these  areas  bear  the  rloseijt  rwomhiance  to  the  -uterine  decidua  in 
nonnal  pregnancy,  presenting  similar  variationa  in  size  and  shape. 
The  line  of  demarkaciou  from  the  surrounding  ovarian  stroma  is 
always  well  marked,  giving  the  imprefuiion  that  the  two  tiRSiiea 
are  distinct.  Usually  these  areas  contain  dilated  capillaries  which 
arc  not  found  in  the  neighboring  unchanged  ovarian  stroma. 

I  have  never  found  such  Areas  in  ovaries  removed  from  non- 
pregnnnl  women.  What  is  the  explanation  of  these  changes?  It 
mighi  be  suggested  tluu  they  are  i>eriphcml  portions  of  the  theca 
interna  of  the  ripening  Graafian  follicles  or  of  a  corpua  luteum.  Serial 
sections  show,  however,  that  this  is  not  the  case.  The  large  cells 
are  undoubtedly  of  cnnnective-tissue  origin,  but  their  definite  lo- 
etlieation  suggests  some  special  characteristic  which  makes  the 
cell  capable  of  undergoing  the  same  genetic  reaction  which  is  or- 
dinarily found  in  the  uterine  and  tubal  mucous  membrane  when 
pregnancy  develops  in  relation  to  these  tissues. 

Tentatively,  I  advance  tlie  view  that  these  areas  represent  dis- 
placed portions  of  Miillerian  tiasue,  which  have  become  attached 
to  the  surface  of  the  ovury  in  early  erobrj-onie  life.  Occasionally, 
I  have  found  in  the  substance  of  such  an  area  a  gland-liko  space 
lined  with  columnar  or  cubical  epithelium.  The  latter  may,  of 
course,  be  simply  a  derivative  of  the  surface  germinal  epithelium, 
but  it  may  indeed  represent  included  Miillerian  epithelium. 

It  is  possible  that  the  special  genetic  reaction  in  these  areas  may 
sometimes  determine  the  imbedding  and  development  of  a  fertil- 
ixed  ovum  in  the  ovary,  and  if  the  opinion  that  they  are  MuUerian 
m  origjn  bo  correct,  it  is  not  unlikely  that  all  cases  of  pregnancy 
in  ovarian  tissue  may  still  serve  to  support  the  dictum  which  has 
been  widely  believed  in  recent  years,  ^^z.,  that  imbedding  and  devel- 
opment of  the  fertilized  human  ovum  in  the  earliest  stages  can 
only  take  place  in  a  tissue  capable  of  undergoing  a  special  genetic 
reaction,  and  that  this  tissue  is  in  all  cases  Mulleriao  in  origin. 
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While  Ihe  proof  of  this  ta  impcssiblo,  all  a  priori  evidence  is  in  its 
f»vor.  11iO!<e  who  attempt  to  overthrow  the  hypothesis  certainly 
undertake  &  heavy  task  in  trying  to  establliih  an  exception  to  the 
uniformity  of  porformaace  of  one  of  the  moiit  compkx  and  highly 
spci^iatiKed  fuDctions  in  the  human  body.  The  indication  of  the 
genetic  reaction  is  decidual  transfortnation,  and  this  13  normally 
found  only  in  the  mucoea  of  the  corpus  uteri,  where  indeed  it  occurs 
in  all  cases  of  pregnancy,  whether  the  latter  be  uterine  or  ectopic. 
In  certain  CMoa  we  know  that  decidual  changes  may  occur  in  other 
portions  of  the  MOllcrion  tract,  most  frequently  in  the  Fallopian 
tubes,  a  fact  which  probably  helps  to  explain  the  occasional  occur- 
rence of  pregnancy  in  the  latter. 

With  regard  to  ovarian  gestation,  in  the  specimens  which  have 
been  most  fully  studied,  viz.,  those  of  von  Tusaenbroek,  Tliomp- 
8on,  and  myself,  it  is  true  that  no  definite  decidual  layer  is  found 
in  the  wall  of  the  gestation  sac.  Though  von  Tuasenbroek,  in  her 
first  description,  mentioned  a  decidual  layer,  she  afterward  st-atod 
that  this  was  an  error,  the  cells  being  in  reality  lutein  cellR  of  the 
corpus  luteum.  The  final  account  is  in  the  n:iain  correct,  but  she 
cannot  deny  the  pojwibility  that  some  of  the  lar^e  cells  were  de- 
cidual. However,  admitting  that  no  decidual  cells  are  found  in 
specimens  as  advanced  as  those  mentioned,  we  do  not  know  thai 
they  were  not  present  at  an  earlier  stage,  when  the  ovum  was  veiy 
.imall.  One  of  the  small  ovarian  decidual  areas  to  which  I  have 
referred  would  very  soon  disappear  as  a  result  of  the  outwani 
pressure  of  the  expanding  ovum,  os  well  ns  of  the  phagocytic  ac- 
tion of  the  trophoblaat,  if  there  be  no  more  tissue  capable  of  un- 
dergoing decidual  changes,  and  it  is  quite  evident  that  the  ovarian 
stroma  proper  does  not  tend  to  undergo  this  transfcrmatioQ. 

Even  in  tubal  prcgn&ncy,  in  which  decidual  changes  arc  always 
present  in  the  early  stages,  there  may  be  a  nuirked  disappear- 
ance as  pregnancy  advances,  the  production  of  cells  being  evidently 
much  poorer  than  in  the  uterine  mucosa  in  normal  pregnancy, 
though  in  the  latter  there  ts  a  considerable  range  of  variation.  In 
my  own  recently  described  epecimen  of  ovarian  gestation  1  believe 
that  I  have  demonstrated  a  few  scattered  groups  of  decidual  ceils 
in  the  ovarian  stroma,  near  the  inner  wall  of  the  gestation  sac. 

For  several  years  I  have  held  the  belief  that  decidual  transform- 
ation is  peculiar  to  the  Miillerian  tract.  The  occasional  finding 
of  the  smnll  areas  of  deeidua-like  cells  in  the  ovary  in  uterine  ges- 
tation has  been  regarded  by  Be\'cra]  writers  aa  a  proof  that  other 
tissues  may  also  undergo  the  change.  From  what  I  have  already 
stated  it  remains  to  be  proved  that  these  areas  are  not  MullniaD 
is  origin.  The  occasional  blending  of  Miillcriun  and  ovarian  tissues 
has  been  abundantly  proved,  both  by  macroscopic  and  microscopic 
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demonstration.  Take,  for  instance,  the  relatiouships  of  the  ovarian 
Qmbria.  la  some  cases  its  outer  end  may  not  reach  the  ovary, 
sftmelittuxi  it  may  just  touch  it;  sometimes  il«  tip  may  be  imbedded 
ID  the  ovary;  Bometimes  a  considerable  extent  of  tbe  fimbria  may 
lie  ugaiofit  the  ovary  or  adherent  to  it;  in  eome  cu&cs  there  may 
be  a  break  in  its  coiitiuiiity,  so  that  a  small  outer  portion  may  lie 
cloee  to  the  ovary  detached  from  the  main  part.  Marchand  has 
dinf-tcd  attention  to  lh<>  early  dose  rclationehip  between  the  tubal 
epithelium  and  tiial  covering  the  surface  of  the  ovary,  and  has 
pointed  out  that  they  are  one  and  the  same  surface.  He  believed 
that  in  Some  vaava  the  line  of  dcmarkulion,  iiuttcud  of  being  at  the 
end  of  the  ovarian  hmbria,  might  reach  over  to  the  lateral  portion 
of  tix  ovary  and  that  from  it  processes  might  extend  into  the 
cortex  of  the  ovary.  The  observations  of  Do  Sinely  ami  Mclaasez, 
ia  1878.  seemed  to  establish  the  correctnees  of  such  a  %'iew.  Other 
studies,  especially  those  of  Whitridge  Williams,  leave  no  doubt  i» 
to  Lhe  ucc-n^oual  extension  of  MiUlerian  tissue  into  the  ovary.  It 
need  ntit,  therefore,  be  a  matter  of  surprise  that  fimall  arons  urc 
nccaatonally  found  in  the  ovary  of  pregnancy,  presenting  the  ap- 
pearance of  decidual  changes  in  the  connective  tisaue  of  the  uterine 
mucosa. 

It  must  lUiio  be  mentioned  that  small  tocatized  decidual  nodes 
JWTe  also  been  found  in  the  broad  ligaments.  1  believe  that  thctie 
iure  also  derived  from  displaced  portions  uf  Miillcrian.  tissue,  which 
are  quite  common,  especially  in  the  upper  portions  of  the  brand 
ligaments.  Similar  areas  have  also  been  found  under  the  perito- 
neum of  the  pregnant  uleruSj  but  this  cannot  be  considered  aa  at 
all  remaTkablc,  since  there  ta  no  doubt  as  to  the  MiUlerian  nature 
of  the  uterus,  tliircly  they  have  also  been  found  behind  the  peri- 
toneum of  the  pouch  of  Douglaa,  and  it  is  not  unlikely  that  even 
in  this  neighborhood  may  be  foimd  small  detached  Mijllerian  frag- 
meiits  displaced  buL-kward  in  early  embryonic  life. 

Id  describing  these  small  decidua-likc  areas  it  must  he  remem- 
bered that  somewhat  similar  appcarnncea  may  sometimes  result 
from  chronic  inflammatory  changes  in  the  pcritoncuHi,  associated 
with  inclusion  of  tha  endothelium  and  proliferation  of  the  latter. 
The  large  cells  produced  iu  this  manner  are  usually  closely  packed 
and  suggest  masses  of  epithelium  rather  than  the  looser  arrange- 
ment of  multiform  anastomosing  cells  found  in  the  connectlvc- 
tiasue  decidual  areaa. 

The  FutKturns  c}  the  Ovary.  In  addition  to  furiuahing  the 
ovums,  it  has  long  been  recognized  that  the  ovary  exorcises  an 
importAQt  influence  on  the  body,  though  the  nature  of  the  influ- 
ence and  the  changes  induced  by  it  have  been  and  still  are  un- 
known.   Hacenlly,  various  workers  have  suggested  that  the  ovariea 
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are  ductless  (rlnnds,  whose  intenuJ  eucretion  alTectfi  general  oietu- 
bollc  processes. 

Several  years  ago.  it  was  noted  that  in  many  cns«s  of  osteoma- 
lacia the  disease  could  be  ctiecked  by  removal  of  the  ovaries.  Fch- 
ling,  a  pioneer  in  this  line  of  work,  made  a  careful  &tudy  of  the  urine 
in  his  eHH«,  but  gainc4l  no  information  as  to  metnbolic  chiLngea  by 
comparing  its  coadition  before  and  after  operation. 

In  1894  and  1896,  Neumann  stated  that  removal  of  the  ovariee 
in  this  dit»ea«c  exereised  a  marked  vS<xl  Id  )cv«cning  the  excretioii 
of  magnesium,  calcium,  and  phosphorus,  as  well  as  diminishiag 
proteid  disintegration.  Later,  Neumann  and  ^'as  experimented  on 
normal  female  animals,  and  found  that  Mcrrk's  ovarian  tabloids, 
even  in  large  doses,  did  not  appreciably  alter  the  quantity  of  nitro- 
^a  or  phoephonie  in  the  urine.  They  found,  however,  that  there 
was  an  increased  excretion  of  these  when  their  own  preparation 
of  cow's  ovary  was  administered.  They  also  noticed  no  prououiK'ed 
alteration  in  the  phosphorus  excretion  after  removal  of  ovaries 
from  animals.  ^Tien  i>varian  tabloids  were  given  to  epayed  ani- 
mals, there  was  increased  excretion  of  calcium  and  phosphorus,  and 
Ifees  marked  nitrogenous  excretion. 

The  experiments  of  Ciiratulo  and  Tandli,  in  1895,  have  attracted 
a  Rood  deal  of  notice.  Tliey  fed  bitehcs  on  a  regnlar  diet  until  there 
wos  u  uniform  average  daily  excretion  of  phosphorus  and  nitrogen. 
The  ovaries  were  then  removed,  and  thereafter  the  excretion  of 
phospboniB  woji  much  diminished.  They  concluded  that  the  ovaries 
produced  an  internal  secretion,  of  unknown  nature,  which  influ- 
enocd  the  oxidulion  of  organic  substances  containing  phosj^orus 
which  enter  into  the  structure  of  bone.  In  aceonlanee  with  their 
view,  it  has  been  widely  believed  that  the  beneficial  influence  of 
the  removal  of  the  ovaries  in  osteomaluciu  was  duo  to  the  reten- 
tion of  more  pboGphorus  in  the  system  and  its  deposition  in  the 
bones  in  the  shape  of  phosphates. 

In  1S99,  Fttik  repealed  these  experiments,  but  did  not  arrive  at 
the  same  conclusions.  After  removal  of  the  ovaries  in  two  bitches, 
he  noticed  no  difference  In  the  amount  of  phoaphonis  excretion. 

Moreover,  recent  investigations  regarding  (ho  source  of  the  ex- 
creted phosphorus  lend  to  lessen  the  value  of  tlieee  cxporimenls. 
They  appear  to  nhow  that  much  of  the  phoephonis  is  derived  from 
nucleoproleid  in  food,  and  it  is  pofisii>Ie  t^hat  the  increased  excre- 
tion after  the  administration  of  ovarian  tissue  or  extract  Is  thus 
explained.  Curat.ulo  nUo  holds  that  the  ovarian  secretion  favors 
the  oxidation  of  carbohydrates  and  of  fatly  substances,  and  ex- 
plains the  tendency  to  corpulency  when  the  ovaries  arc  removed 
in  the  reproducti\-e  period  of  life,  or  after  the  menopause,  as  due 
to  the  loss  of  the  ovarian  secretion. 
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Tiie  results  of  various  experiments  in  the  admimstration  of  ovb- 
rino  tifisuo  or  cxtrant  in  the  humftn  female  have  in  no  way  helpixl 
to  throw  light  on  the  subject  under  congtderatiun,  nor  have  they 
tended  to  uphold  the  theory  of  an  internal  set-retion.  The  mo  of 
the  ^snd  in  vuriutis  discusnd  conditions  of  the  pelvis  has  not  served 
to  give  to  it  any  definite  therapeutic  value.  Neither  hafl  its  adtnin- 
igtration  at  the  time  of  the  climacteric  served  to  amoliorato  or  dispel 
the  troubles  incident  to  thut  period.  ]tc»ult5,  good,  bud.  uiid  indif- 
ferent, have  been  published,  le&ding  strongly  to  the  conclusion  that 
in  the  cases  observed  only  the  eaioe  variations  in  clinical  features 
have  been  recorded  which  may  be  recognixed  when  any  group  of 
meuopause  casea  \a  studied  utunfluencied  by  any  medication. 

Whatever  the  influence  of  the  ovaries  may  be,  it  aeenia  to  be 
established  that  ihcy  affect  the  orfcmuHm  through  the  circulation 
and  not  through  the  nervous  system,  and  thus  support  is  given  to 
the  theory  of  an  internal  secretion.  Many  experiments  have  b&eii 
made  in  transplanting  the  ovaries  of  animals  from  their  normal 
utuatton  to  Bomc  other,  c.  g.,  the  peritoneum,  subcutaneoa-i  tissue, 
muBclee,  etc.  While  after  transplantation  some  of  the  ovarian 
liesiie  usually  necroses,  the  remainder  generally  lives  and  continues 
to  functionate,  ovuiius  continuing  to  develop,  ripen,  and  even  to 
escape  from  follicles.  When  this  activity  continues,  no  matter 
where  the  ovary  is  placed,  the  genitalia  and  mammae  remain  well 
developed  ju^t  as  though  tho  organ  is  in  its  normal  position. 

The  S£U  0/  the  Corpus  Luteum.  Recently  the  view  has  been 
advanced  that  the  internal  secretion  of  the  ovary  is  produ(red  by 
the  corpus  luteum,  and  that  the  latter  structure  exercises  very 
important  functions  in  the  female  organism.  The  late  Gustav  Bom, 
of  Brestau,  was  the  first  to  bring  forward  this  hypothesis,  .ttaltng 
tJiat  the  particular  function  of  the  corpus  lutcura  was  to  favor  tho 
imbedding  and  development  of  the  fertilized  ovum  in  the  uterine 
mucosa. 

Ludwig  Fraenkel  has  recently  published  an  elaborate  paper  in 
which  he  states  his  belief  thut  the  internal  secretion  produced  by 
the  yellow  body  keeps  up  tlie  nutrition  of  the  utenu  during  repn>- 
ductivo  life,  leads  to  the  phenomena  of  menstruation,  and  favors 
the  imbedding  and  development  of  the  fcrtilize<I  ovum.  Uterine 
atrophy  and  amenorrhea  are  brought  about  when  no  corpora  lutea 
arc  found.  Thus  are  explained  the  conditions  normally  found  be- 
fore puberty  and  after  the  olimacterie.  The  facts  upon  which  this 
remarkable  hypothesis  is  based  are  derived  mainly  from  experi- 
mente  carried  out  on  rabbits,  since  in  these  animab  the  time  of 
occurrence  of  the  various  stages  of  gestation,  following  insemina- 
tion, are  fairly  npcurntcly  known. 

In  endeavoring  to  dctcrmiue  the  influence  of  the  ovary  on  im- 
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plantation  of  tlie  fertilized  ovum.  Fraenkel  removed  the  ovaries 
from  tbirtccn  rabbits,  one  to  six  cinys  after  copulation.  Lat^  these 
aaimalg  were  killed,  and  in  no  iiistunce  was  an  ovum  fouad  in  the 
utenia.  la  another  series  oaly  one  ovary  waa  removed,  and  this 
did  not  interfere  with  gestation.  It  seemed,  tlicrcfore,  that  iin- 
plantslion  had  been  prevented  by  removal  of  both  ovaries. 

In  another  scries  of  rabbits  the  ovaries  were  removed  after  im- 
plantation  of  the  ovnms,  and  it  was  found  that  their  development 
oeaeed,  though  they  were  not  expelled  from  the  uterus. 

gimilur  results  were  obtained  when,  infitcad  of  removing  the 
entire  ovarian  tissue,  the  rorponi  lutea  were  destroyed  with  a 
cautery.  It  was  found  that  development  of  the  ovum  miglit 
continue  if  only  one  corpus  luteum  v/as  left  in  the  ovor^'.  When 
the  ovaries  were  transplanted,  defltruclion  of  the  ovum  occurred, 
though  after  some  delay.  After  burning  the  corpora  lutea  from 
the  ovaries,  it  was  found  that  the  utoruts  vias  much  atrophied  in 
two  weeks. 

This  physiologic  interpretation  of  the  function  of  the  corpus 
luteum  is  worthy  of  the  highest  comiideriitiuu.  Hitherto,  anatomic 
exj)luiiiitions  have  been  chiefly  prevalent.  Thus,  it  haa  been  eoo- 
eidered  an  forming  an  extra  protective  covering  to  the  ripening 
ovum,  as  a  plug  to  check  hemorrhage  after  bursting  of  tlie  follicle, 
and  ns  a  kiad  of  epliut  xtcadviag  the  tissues  during  the  process  of 
healing.  Ciark  has  pointed  out  that  it  is  evidently  associated  with 
a  method  of  repair,  which  leads  to  little  formation  of  connective 
tissue,  and  has  well  stated  that  if  the  ruptured  follicles  were  healed 
by  the  ordinary  method,  the  ovary  would  be  converted  into  a  mass 
of  connective  tissue,  which  would  render  the  escape  of  ovuma  io- 
creasingly  difficult. 

On  the  other  hand,  Fraenkel  and  others  who  adopt  the  physio- 
logic interpretation,  cmphtuiize  the  well-known  etructural  reeetn- 
blancc  of  the  fidly-forraed  corpus  luteum  to  a  ductless  gland,  since 
it  consists  of  rows  of  large  epithelioid  cells  —  the  lutein  cells,  ar- 
ranged eomewhat  radially,  strnnds  of  delicate  connective  tissue 
coataining  blood-vessels  ramifying  between  the  columns.  Fraenkel 
holds  with  Sobotta  and  others  that  the  yellow  body  is  derived  from 
the  membrana  granulosa,  and  that  thus  an  epithelial  oiigin  is  ob- 
tained for  the  cells  of  the  glandular  organ,  I  have  already  pointed 
out  that  many  authorities  hold  that  the  corpus  luteum  is  derived 
not  from  the  membrana  granulosa,  but  from  the  connective  tissue 
external  to  tlie  latter,  while  s  considerable  number  hold  that  the 
membrana  granuloea  is  itself  of  connective-tissue  origin.  If  the 
latter  view  be  correct,  and  the  glandular  nature  of  the  corpus  lu- 
teum be  established,  Buch  a  mar^'clouji  transformation  of  connect- 
ive tissue  h  without  parallel  in  any  other  portion  of  the  human 
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body.  But  even  if  its  oriKia  be  e{>itbelia],  it  u  equally  reniurkuble 
and  uDique  thai  a  glandular  function  should  he  rarried  on  during 
many  yean!  by  ft  continued  series  of  now  formatiomi  in  different 
portiooB  of  &n  organ. 

la  coDfiidering  Fraeokel'a  hypothesis,  various  queBtiou  aqgRBBt 
themselves  fur  iuveetigatioa.  If  the  curpiu  lutaum  OftOHS  &tt 
pheuomcDa  of  uien^tniatioD,  why  is  the  latter  function  limited  to 
the  priDiatee?  Bora  hae  pointed  out  that  in  all  snimala  in  which 
there  is  a  uterine  insertion  of  the  ox-um  there  is  a  weJI-ilevcloited 
corpus  luteum,  whereas  in  all  other  animals  the  latter  is  either 
nJdimeQtary  or  not  developed  at  all.  In  all  mammalians  abnve 
the  oioDotremes  the  ovum  ts  implanted  in  tlie  nterus  and  tlie  corpus 
luteum  is  well  developed.  The  absence  of  tnonstruation  in  the  great 
majority  of  these  must  either  be  due  to  some  peculiarity  of  the 
corpus  luteum  or  to  other  unknown  reasons. 

If  the  corpus  luteum  presides  over  the  implantation  of  the  ovum 
IhrouKli  ittf  iut4:rnul  secretion,  does  the  latter  iafluciKx  the  ovum 
by  passing  to  it  through  the  maternal  tissues  {where  presumably 
it  circulates)  or  i.<>  the  ovum  already  influenced  at  the  time  it  e»capca 
from  llie  follicle?  Fraenkel'a  csperimente  seem  16  negative  the 
latter  hj-pathcsis,  for  if  the  ovum  reaches  the  uterus  nlready  charged 
with  the  secretion,  destruction  of  the  corpora  lutea  in  the  rabbit 
might  not  be  expected  to  affect  its  implantation.  It  is  therefore 
more  rcit«anubie  to  suppose  that  contact  with  the  uterine  niucoMti 
iu  which  the  ovarian  saeeretion  circulates  leads  to  the  conditions 
which  determine  the  imbedding  of  the  ovum.  From  histologic 
studies  it  Is  now  known  that  the  implantation  of  the  ovum  In  the 
mammalia  occurs  after  certain  changefl  have  taken  place  in  it,  that 
in  the  vcpictjlar  stage  there  is  a  proliferation  of  the  outer  layer  of 
epiblast  forming  the  trophohlast  which  has  the  power  of  attach- 
ing itself  to  the  uterine  mucosa,  of  absorbing  the  latter  and  bur- 
rowing into  it.  Is  this  power  dependent  upon  the  influence  of  a 
circulating  ovarian  secretion?  Hitherto  it  has  alwavsi  been  be- 
lieved that  these  changes  were  poseeesed  by  the  OMim  itself,  for  in 
onimuJiS  developed  from  ovums  which  find  no  resting-place  in  the 
body  the  development  of  the  ovum  does  not  depend  upon  the  ma- 
t^nai  organism. 

It  must,  however,  he  believed  that  in  the  higher  mammals,  at 
least,  some  special  complementary  characteristic  must  be  found 
ID  those  areas  of  maternal  tissue  on  which  the  ovum  grows.  In  the 
human  female,  for  example,  as  I  have  already  pointed  out,  a  par- 
ticular portion  of  the  Miillerian  tract,  vIk.,  the  mucosa  o(  the  corpus 
ut«ri,  is  the  normal  seat  of  implantation.  The  normal  occurrence 
of  a  decidual  reaction  in  this  area  has  already  been  noted.  Is  it 
poe«ibIe  that  this  peculiar  change  is  brought  about  by  the  ovarian 
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secretion  and  is  a  pronvDent  indication  that  Uie  Uisaes  are  favor- 
al)Ie  to  the  reception  of  the  ovum? 

Recently  various  authors  havo  suggested  a  connection  Iwtwocn 
abnormal  conditions  of  the  ovary  or  corpus  luteum  and  aberrant 
develop mcntfl  of  the  oMim.  Thus  several  cases  have  been  described 
in  wiiich  lijduitidiform  molo  has  been  associated  with  diacase  iu  tlie 
ovary,  especially  cj'stie  degeneration.  F^ck  has  recently  made  a 
careful  study  of  a  case  in  which  excessive  production  of  lutein  tiseue 
\nu)  found  In  the  ovarlcH,  and  he  regarded  this  condition  a^  the 
cause  of  excessive  chorionic  development,  leading;  lo  the  formation 
of  hydatidiform  mole.  In  choriocpithelioma  this  author,  Runge, 
and  JufT£  Imvc  also  dcst^ribed  cxceitsive  production  of  lutein  cells 
in  the  ovary,  which  tliey  are  inctincd  to  coneider  as  tlie  cause  of 
the  chorionic  growth.  In  several  specimens  of  ovaries  examined 
by  Pick,  Stoeekel,  Runge,  and  others,  in  addition  lo  cystic  changes 
in  Graafian  follicles  and  corpora  lutea,  cotlectlone  of  lutein  cells 
were  found  scuttcrpd  through  the  ovarian  stroma.  Careful  etudy 
of  a  larger  series  of  ovaries  mui^t  be  made  before  any  positive  state- 
ment can  be  made  in  regard  to  the  association  of  changes  in  them 
with  abnortnaf  development  of  the  ovum.  It  is  certainly  difficult 
to  explain  the  occurrence  of  hydatid! form  mole  in  a  twin  pregnancy 
by  the  lutein  secretion  hypothesis.  If  over-production  of  the  latter 
be  the  sole  cauac,  it  ta  strajigc  tliut  both  ovunu  should  not  be  tiim- 
ilariy  affected. 

The  Anlagonism  hrtwaen  Matemal  Orgamsm  and  Ovum.  For 
aeveral  years  the  idea  haa  been  steadily  gaining  Kroutid  that  the 
matemtd  organism  during  pregnancy  is  very  commonly  affected 
by  circvilating  toxic  substances,  and  that  many  disiurhancea,  both 
of  major  and  minor  importance,  arc  caused  thereby.  This  view 
has  boon  chiefly  prominent  in  recent  investigations  concerning  the 
nature  of  eclampsia.  Though  little  succc-ss  has  been  obtained  in 
the  identification  of  specific  toxins,  there  has  been  plenty  of  specu- 
lation us  to  their  source  and  nature.  The  maternal  organism  has 
been  considered  the  chief  source  of  their  production,  the  contri- 
bution of  the  ovum  being  generally  regarded  as  of  minor  import- 
ance. 

Recently,  however,  a  new  theory-  attributes  to  the  latter  a  much 
more  prominent  r6Ie  than  has  hitherto  been  suspected.  In  addi- 
tion to  the  pa.isage  into  the  maternal  circulation  of  the  waste  pro- 
ducts of  fetal  metabolism,  it  is  believed  that  there  ts  ft  continual 
warfare  between  the  chorionic  layers  of  the  ovum  and  the  maternal 
tissues,  that  the  proliferating  and  invading  tcndenciee  of  the  for- 
mer are  continually  nntagonizcd  by  the  latter,  and  that  a  toxic 
chorionic  internal  secretion  is  produced  which  is  neutralized  or 
destroyed  by  maternal  influences. 
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In  Dormal  cases  of  pregnaDcy  it  a  considered  that  there  is  es- 
tablished a  kind  of  equiUbriuni  between  the  ovum  and  maternal 
organism;  tlint  in  some  ubnormnl  cajtes^  Uic  ovtiin  suffers  a«  tho 
result  of  predominant  activity  of  the  maternal  elements,  while  in 
others  the  maternal  organism  eulTors  wbon  the  ovum  is  in  the  as- 
cendant. Iti  tbo  former  instance  tlie  ovum  may  be  deatniyed  and 
sboriian  result;  in  the  tatter  the  mother  may  exhibit  phenomena 
of  various  kinil»,  from  the  riiiiior  ut-rvous  and  alimcntury  disturb- 
anoee  of  pregnancy  to  such  marked  diaordei?  as  pernicioua  vomit- 
ing or  eclampsia.  This  same  theory  would  also  explain  the  rapid 
growth  of  chorionic  titssuc  after  prcKiiaucy,  giving  rii«  to  chorin- 
epithelioma  malignum,  aa  mainly  duo  to  some  defect  in  the  ma- 
ternal factors  which  normally  counteract  the  exce«9i\'e  proliferation 
of  chorioDJc  epithelium. 

These  newer  lines  of  thought  have  followed  close  upon  the  es- 
lablishment,  by  recent  workers,  of  the  exact  histologic  relation- 
ships between  the  human  ovum  and  uterus.  It  has  been  demun- 
atratMl  beyontl  doubt  that  the  eiirly  ovum  in  its  vceieiilur  atuge  is 
eharacteriEed  by  a  proliferation  of  its  outer  epiblasUo  covering 
forming  a  layer  of  cells,  dintinct  from  one  another,  known  as  the 
Irophoblaet,  and  that  through  the  activity  of  this  layer  the  ovum 
burrows  into  the  superficial  part  of  the  uterine  mucosa,  where  it 
becomes  completely  imbedded.  The  trophoblast  continues  to  ex- 
tend outward  in  all  dirertions,  laeunact  appearing  in  it.  Into  the 
latter,  blood  fintU  its  way  from  maternal  sinuses  which  have  been 
opened  by  the  phai;ni:ytir  activity  of  the  trophobhutt.  The  entire 
trophoblast  is  in  this  way  converted  into  a  sponge-like  structure. 
The  lacunas  enlarge,  and  the  trabeculos  between  them  become 
smaller.  Tlic  former  are  the  forerunners  of  the  permanent  Jntor- 
villoua  spaces  of  the  placenta,  the  latter  of  the  villi.  The  tropho- 
blastic cellular  trabeculns  are  gradually  penotratod  by  the  meso- 
blttstic  layer  of  the  chorion  in  which  tho  terminat  hranchea  of  the 
umbilical  vceseU  curry  on  the  fetal  circulation.  As  soon  aa  lacunas 
appear  in  the  trophoblaet  a  change  takes  place  in  the  celln  of  the 
latt«r  lining  the  lacuDae.  They  appeal*  to  become  fused  into  a  con- 
tinuous layer  of  nucleated  protoplasm  in  w-hich  no  cell  outlines 
fan  be  distiiiRuished.  This  is  the  earliest  stage  in  the  formation 
of  syncytium,  and  was  regarded  by  Peters,  in  whose  specimen  it 
was  demonstrated,  tus  caused  partly  by  the  pressure  of  the  maternal 
blood  in  the  lacunas,  partly  by  the  influence  of  the  blood-plasma; 
in  some  parts,  also,  blood-corpusolee  appeared  to  become  degen- 
erated and  to  fuse  with  the  trophoblastic  eells. 

Aa  pregnancy  advances,  the  syncytium  rapidly  increases  so  that 
it  covcni  the  entire  chorion.  The  unaltered  trophoblast  cells  sub- 
jacent to  the  syncytium  form  the  layer  uoiveroally  known  as  Lang- 
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bans'  layer.  Wherever  the  chorioo  comes  into  contact  with  the 
Diftlcma.)  dceidiia,  evidence  of  invasion  of  the  latter  by  the  former 
is  found,  but  it  is  chiefly  noticeable  at  the  site  of  the  placental  por- 
tion of  the  chorion,  the  decidiia  serotina.  Here  in  the  early  weeks 
of  gestation  irregular  ex'tensions  of  RVncytiiim  may  he  found.  Tliey 
ftre  chiefly  noticed  in  the  compact  layer  of  the  serotina,  but  are 
obaen-cd  in  the  epun^  layer,  and  even  in  the  muecular  wall,  Por- 
tinnfl  undoubtedly  extend  into  maternal  blood  slnusefi.  to  whose 
walls  they  may  become  sttftchci.  Small  portions  of  aj-ncytium 
also  may  be  carried  away  in  the  venous  circulation.  That  this  may 
take  place  throughout  a  considerable  period  of  pregnancy  la  highly 
probable.  Several  authors  hold  that  pienes  of  villi,  comprising 
botli  cpiLhelial  and  connective-tissue  elements,  may  also  be  de- 
ported, though  I  have  never  observed  this  in  normal  speciraenfl, 
\Vhftte%'ep  be  the  extent  of  the  process  no  important  anatomic  1m- 
ions  in  the  vessels  of  the  lungs  or  elsewhere  have  been  demonstrated 
to  result  from  them.  The  chorionic  fragments  are  very  small  and 
are  probably  rapidly  disintegrated  in  the  maternal  blood.  Their 
deetruction  is  explained  according  to  Ehrlich'a  now  well-known 
hypothcjtis.  The  foreign  fragment>*  produce  a  substnMCC  which 
fixes  them  to  the  red  blood  cells,  and  which  also  enters  the  serum, 
forming  an  antitoxin,  which  tends  to  destroy  the  fragments.  Veit 
has  termed  the  latter  eyncytiolysin.  Various  experiments  have 
been  made  in  support  of  the  view  that  the  chorion  produces  a  toxin 
which  may  cause  various  morbid  changes  during  pregnancy  un- 
less continually  destroyed  by  the  maternal  organism.  Thus  Politi 
injected  sterile  filtered  extract  of  human  placenta  into  rnbbil«. 
producing  death  in  some  cases  with  spasma  and  marked  procura- 
tion. He  states  that  the  toxicity  of  the  extract  was  lowest  when 
the  placentas  of  healthy  women  were  used  and  most  marked  in 
the  cnac  of  eclamptics.  Ascoii  has  also  made  interesting  experi- 
ments, in  which  placental  infections  produced  some  of  the  pheno- 
mena of  eclampsia.  Beside  the  influence  of  the  blood  in  counter- 
acting the  syncyliotoxin,  it  is  believed  by  some  that  the  decidual 
cells  also  share  in  this  function.  Handler  holds,  in  addition,  that 
the  ovary  also  fumi&hes  an  element  in  its  secretion  which  is  anta- 
gonistic. 

Functiom  oj  the  Placenta.  It  has  been  clearly  established  that 
the  placenta  is  entirely  an  organ  of  the  chorion,  consisting  of  pro- 
jections of  the  latter  termed  villi,  which  are  attached  to  the  uterine 
mucosa,  and  bathed  by  maternal  blood  circulating  among  them. 

Comparatively  little  is  known  as  to  the  nature  of  tho  inter- 
change of  materials  between  the  fetal  and  maternal  circuIatton.s 
through  the  medium  of  the  villi.  For  many  years  the  placenta  has 
been  regarded  merely  as  the   medium  through  which  nutritive 
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DUtMial  aad  oxygen  passed  front  the  mother  to  the  fetus,  and  the 
effete  products  of  fctitl  mutobolUni  from  fetus  to  mother;  it  was 
considered  to  b«  a  kind  of  Gtie  sieve,  tbroug)i  wlitch  percolation 
look  place,  or  a  diffueion  membrane  that  favored  osmosiH.  It  is 
non-  ii1mo»l  certain  t>ial  the  tranitini^ion  of  auhstanccK  between 
the  maternal  and  fetal  blood  is  not  merely  a  matter  of  phj-siM.  The 
chorionic  epithelium  in  l>6lieved  by  oiaoy  to  be  a  highly  diCTereii' 
liatMl  ti«;»iio,  capable  of  carrying  on  complex  vital  proccs-sed,  post- 
sessing  powcra  of  selection,  elaboration,  and  cvcd  dig4>sticin.  Mar- 
chand  han  suggested  that  the  syocytiuoi  is  the  chief  factor  in  the 
absorption  of  nutntive  material  from  the  materoal  blood,  the  Lan^- 
hans  layer  being  more  concerned  with  the  tranfimiesion  of  waste 
pToducta  from  ovum  to  maternal  blood.  Cavazzaol  and  Levi  state 
that  there  is  no  correspondence  between  the  quantity  of  urea  in 
the  maternal  and  fetal  blood,  that  there  is  more  glucose  in  the 
former  than  in  the  Utter,  and  that  the  density  of  the  fetal  blood 
ia  greater  than  that  of  the  maternal  blood.  It  appears  that  there 
are  considrrahle  variiitionfl  in  the  transroiiuiion  of  Rtibstanccs  through 
the  placenta  at  different  periods  of  pregnancy.  Thus,  in  the  last 
three  months,  there  is  a  great  incrcaso  in  the  iron,  potash,  and  lime 
stored  up  in  the  fetus.  In  the  early  months  there  ia  a  great  pre- 
dominance of  8oda  over  potash. 

Various  mntcriald  may  be  stored  in  the  placenta.  Thus,  it  un- 
doubtedly fixes  glycogen.  It  is  thought  that  albuminoid  material 
18  transmitted  as  soluble  peptones,  though  this  is  not  definitely 
known.  There  has  been  eonie  question  as  to  the  possibility  of  the 
passage  of  maternal  leukocytes  through  thewalb  of  the  villi  enter- 
ing the  fetal  circulation.  Varaldo  states  that  there  are  more  leu- 
kocytes in  the  umbilical  vein  than  in  the  umbilical  arteries,  there 
being,  on  the  avcrngo,  eonsidcrably  more  per  cm.  in  the  former 
than  in  the  latter,  and  that  more  of  them  contain  iodophilic  granules 
in  the  former  than  in  the  latter.  It  has,  therefore,  been  concluded 
by  several  that  leukocytes  normally  carry  substimoea  (possibly 
QUtrimenl)  to  the  fetal  tissues.  This  has  not  been  proved,  how- 
ever. In  maternal  leukocytbemia  there  is  no  corresponding  La- 
creaM  in  white  corpuscles  in  the  fetal  blood. 

Tlie  placenta  acta  as  a  protective  barrier  against  the  invasion 
of  the  fetus  by  various  poisons.  It  is  more  efficacious  against  some 
than  against  others.  Porak's  experimenta  on  the  guinea-pig,  for 
example,  show  that  in  this  animal  copper  passes  easily,  arsenic 
with  difficulty,  and  mercury,  not  at  all,  the  poisons  being  stored 
to  a  greater  or  lees  extent  in  the  placental  tissue.  With  regard  to 
microorganisms  and  their  toxins,  little  is  known.  Many  microbes 
are  able  to  pass  from  mother  to  fetus,  but  nothing  is  known  as  to 
the  conditions  associated  with  the  transit.    It  does  not  appear  that 


I 


406 


GYNECOLOGY 


any  placental  lesion  is  necessnry.  The  placenla  appeare  lo  be  more 
resistant  to  some  organisms  than  to  oUiors.  Thus  it  is  clearly  es- 
tablished that  tubercle  bacilli  rarely  pass  through  it;  iiidwd,  eiutea 
of  LtJinann  and  others  prove  that  though  tuberculosis  may  begin 
in  the  placental  tissue,  tho  fotus  may  not  b«  ofloctod.  In  this  con- 
nection, however,  it  mtist  be  noted  that  soinotimcs  tubercle  bacilli 
may  be  pr&teiU  in  the  fetus,  though  no  lesions  be  present,  sitire 
inoculations  of  guinea-pigs  with  portions  of  the  fetal  tijisues  may 
cause  tubercmloei)!. 

Il  seems  certain  that  in  the  great  majority  of  cases  the  placenta 
is  the  sole  route  by  which  niicro6rgAni.<m8  and  tcixiiu  reach  the 
fetus.  It  is  poeaiblc  that  they  may  paas  through  the  araiiioQ  into 
the  amniotic  fluid  and  thence  enter  the  fetus,  but  this  is  probably 
a  very  rare  mode  of  injection.  Charrin  and  Duclert'a  experiments 
oa  guinea-pigB  suggest  that  the  passage  of  germs  Ihrou^  the  pla- 
centa is  helped  or  retarded  by  varying  conditions  of  the  maternal 
blood.  Thus  they  found  retardation  when  the  maternal  system 
was  saturated  with  corrosive  sublimate.  When  tuberculin,  alcohol. 
lead  acetate,  or  lavtic  acid  were  present,  the  passuKV  of  the  germs 
neemed  to  be  facilitated.  Neelow  has  experimented  on  pregnant 
rabbits,  and  states  that  nonpathogenic  organisms  cannot  pass 
from  mother  to  fetus. 

The  placenta  sufhces  to  allow  the  fetus  to  grow  and  thrive  in 
many  diseased  conditions  or  malformations  incompatible  with 
facaltb  or  life  \a  the  adult.  Pathologic  conditions  affecting  the 
structure  and  function  of  the  placenta  endanger  the  life  of  the  fetus. 
In  many  nrnternal  diseases,  dnuhtlewt,  the  fetus  in  destroyed  as 
the  result  of  changes  in  the  placenta,  affecting  its  structure  or  func- 
tion, produced  by  its  resistance  to  ttie  toxic  material  in  circulation. 

The  placenta  a!ao  acU  as  the  great  excretory  organ  far  the  fetus. 
Havory  long  ago  produced  tetanus  in  a  pregnant  cat  by  injecting 
strychnine  into  the  fetus  in  utero.  The  paMtagc  of  other  drugs  has 
been  similarly  demonstrated  by  others.  Cliarrin  holds  that  toxins 
placed  in  the  fetus,  cither  directly  or  by  the  spermatozoa  of  the 
father,  may  pass  to  tlie  mother.  This  might  explain  cerlftJn  cases  of 
iiiiiuuniiation  in  syphilis  (Colles'  law).  By  injecting  diphtheria  toxin 
into  the  fetus  in  utcro  he  hat)  killed  the  mother  animal.  Guiuard 
and  Uochwelker  have  shown  experimentally  that  the  passage  of 
drugs  from  the  fetus  to  the  mother  is  stopped  if  the  fortncr  is  kilted, 
and  that  if  the  fetus  be  injected  after  it«  death  tho  dnig  is  only 
found  in  its  tissues.  Daron  and  Castaigne  have  found  that  drugs 
introduced  into  the  amniotic  fluid  are  also  transmitted  to  the  msr 
temai  tissues,  though  much  leas  rapidly  than  when  injected  into 
the  fetus.  If  the  Utter  be  dead,  the  substances  do  not  pass  to  the 
maternal  circulation. 
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I  have  already  referred  to  the  theory  that  the  chorionic  epithe- 
lium produces  an  internal  secretion,  which  may  exercise  a  delete- 
rioua  influence  on  the  maternal  system.  Some  hold  that  it  may  also 
act  as  a  destroyer  of  certain  elements  circulating  in  the  maternal 
blood  which  mi^t  be  toxic  to  the  fetus  if  it  should  enter  the  cir- 
culation of  the  latter. 
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TH.^Tophthalmidogy  has  been  given  aplace  in  IhisCongressof  Arts 
and  Science  may  be  sigaiUcant  of  its  wonderful  development  in  cJio 
last  half-century.  But  it  is  still  more  significant  of  the  new  conception 
of  what  congtitutea  a  Bcience.  There  was  a  conception  of  sciences  that 
we  might  compare  with  the  representation  of  slates  in  a  primary 
gttOffB^y.  Each  had  a  distinct  color  —  pink  for  Missouri,  yellow 
for  IlUnota,  green  for  Kansas,  with  strong  black  lines  separating  them. 
If  the  color  of  one  passed  the  black  line  and  Hmearvd  the  other,  it  waa 
a  grave  blemish  on  the  map.  Recei\'iQg  first  geographic  improssioiia 
from  such  a  map,  it  becomes  hard  for  the  child  to  conceive  that  these 
arbitrary'  political  divbiLon»  corrosptiud  to  nothing  in  external  nature, 
ijnes  equally  distinct,  equally  arbitrary,  equally  unoatm'al,  marked 
off  from  each  other  the  different  conventional  divisions  of  soieDCO. 
To  a  generation  trained  in  the  older  conception  of  separated  scieooee. 
astronomy,  chetmetry,  botany,  phj-siology,  the  failur*  to  reoognice 
the  traditional  boundaries  may  seem  a  looae  disregard  of  valuable 
landmarks. 

But  in  thought,  as  in  geography,  across  all  conventional  lines  the 
streams  run,  the  winds  blow,  the  lattdacape  extends  toward  the 
infinite,  alluring  horison.  Each  individual  student,  from  the  little 
hill  or  the  mountaia  he  has  climbed,  looks  out  upon  a  panorama  of 
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facte  the  exact  counterpart  of  which  no  one  else  can  vicvr.  Vet  he 
beholds  the  s&me  region  that  otlierti  see  from  somewhat  different 
staodpoiiits;  and  the  breadtli  of  his  perception  is  determined  not  by 
busy  running  to  and  fro,  rnthcrby  the  height  to  which  he  has  climbed 
in  his  o^'n  proper  donmin  for  a  viewpoint. 

The  new  conception  of  science  recognizes  its  universal  continuity; 
and  laying  aside  traditional  boundaries,  assigns  to  every  definite, 
important  human  intereei,  dominion  over  the  territory  which  lies 
nearest  it.  Such  is  the  conception  which  recognizes  a  science  of 
ophtJialmnlogy, 

Ophthalmology  centres  in  the  fnnction  of  vision;  a  gateway  — 
perhaps  the  most  important  gateway  —  between  the  objective  and 
the  subjective.  From  thi^  centre  of  its  domain,  highways  and  bypaths 
go  out  in  all  directions,  each  leading  to  other  domains  of  science, 
nearer  or  more  remote.  They  run  for  a  time  fairly  in  the  domain  of 
ophthalmology,  they  end  fairly  at  the  centre  of  some  other  science; 
but  where  they  cross  the  border  lying  between,  no  man  shall  s&y. 
The  time  devoted  tc  this  address  is  to  be  used  in  pointing  out  a  few  of 
the  salient  features  noticeable  from  this  particular  centre  of  know- 
ledge; in  tracing  the  direction  toward  which  the  paths  that  centre  here 
extend,  and  in  indicating  a  few  things  of  especial  value  that  we  &re 
able  to  offer  from  our  cultivation  of  the  £e1d  of  ophthalmology,  or 
hope  to  import  from  other  fields  of  activity. 

The  central  fact  of  ophthalmology  is  the  conversion  of  the  light 
impulse  into  the  cer\'e  imputiso,  and  this  not  in  a  single  general  act 
but  byamjTiad  of  sharply  differentiated  actions.  We  receive  through 
the  eye  not  merely  a  uniform  impression  of  general  external  luminofr* 
ity.  Throuf^h  this  gateway  comes  a  message  from  each  separate  parti- 
cle of  the  universe.  The  number  of  such  messages  perceptible  is  limited 
only  by  a  most  remarkable  capacity  for  differentiating  impreesioos. 
A  tliirly-thousaiidth  of  a  square  millimeter  of  retina  is  capable  of 
isolftticg  sod  preserving  the  identity  of  a  particular  sensation,  and  of 
appreciating  a  radically  different  sensation  ten  times  in  each  second. 

This  ability  of  the  retina  to  differentiate  impressions  ia  of  value 
only  when  connected  with  a  correspondingly  minute  accuracy  in  the 
astortiug  of  the  rajns  falling  upon  it;  and  this  minute  accuracy  in  the 
assortment  of  these  rays  depends  on  the  perfection  of  the  dioptric 
apparatus  of  the  eye.  Its  capacity  for  successive  Improssioos  depends 
on  the  rapidity  of  renewal  of  physical  and  chemic  conditions  —  upon 
the  perfection  of  its  nutrition.  To  supply  and  maintain  by  most 
delicate  adjustments  and  compensations,  these  two  things,  the 
dioptrio  assortment  of  rays  and  the  nutritive  conditions  of  vision, 
are  the  essential  purposes  of  the  eyeball  and  its  appendages. 

On  the  one  side  ophthalmology  extends  to  include  the  whole  science 
of  optics.    Optical  instruments  are  but  artilicial  extensions  of  the 
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mrptn  of  visios,  conditioned  by  its  limit utions,  of  value  as  Lhcy  serve 
it.  On  the  other  aide  /ew  processes  of  liuman  physiologj'  are  wit  hout 
import  Ant  bcftring  on  ocular  nutrition;  and  more  distant  processes, 
biologic,  ch'Cmic,  and  ijhy.<iical,  throw  light  upon  the  problems  of 
ocular  DUtritioD.  On  tlie  one  han<I  we  have  the  tnathemalic  and 
ph}*8ical  phenomena  of  light;  on  the  other  the  phj'siologic  balance 
of  health  and  the  imbalance  of  disease. 

Ophthalmology  was  developed  from  both  aides.  The  physiciat  and 
the  optiei.'jn  with  lenses  and  more  ehiborate  iustruments  endeavored 
to  correct  the  iuperfections  and  extend  tlie  usefulness  of  the  dioptric 
apparatus.  The  physician  traced  and  combated  in  the  eye  morbid 
proceeses  similar  to  those  that  he  dealt  with  in  other  organs  of  the 
body.  There  is  still  a  reactionary  tendency  to  split  the  field  of  oph- 
ihnlmolog}'  along  the  old  lines.  From  the  side  of  the  optician  the 
desire  for  maximum  immediate  material  results  with  a  minimum 
of  science;  and  from  the  aide  of  the  phyaician  the  unwillingness  to 
overstep  the  traditional  boundaries  of  a  medical  education,  and  train 
the  ophthalmologist  in  mathematit-  and  phy.'tical  optics,  still  favor 
one-sided  and  partial  studies  and  view's  of  ophthalmology.  The  real 
unity  of  tjciencc,  and  tic  importance  of  the  sense  of  vision  iu  the  life 
of  our  modern  civilization  will,  in  thu  end.  compel  a  view  of  the  whole 
field  from  the  true  standpoint.  But  the  opposing  influences  of  a  hasty 
commercialism,  and  a  blind  if  not  foesilized  conservatism,  naisi  be 
met  by  the  a^ertion  and  reassertion,  clear  and  emphatic,  of  the  unity 
of  ophthalmology. 

Phyaic$  and  Mathematics.  The  two  halves  of  the  ophthalmic 
domain  have  been  alluded  to.  Let  ua  go  into  the  relations  of  each  of 
them  a  little  more  in  detail  before  turning  to  special  Unee  of  thought 
tliat  lead  out  toward  the  other  domains  of  science.  On  ibe  physical 
side  of  ophthulrnulugy  the  general  luw»  of  refraction  mid  the  proper- 
ties of  lensee  have  been  worked  out  nearly  to  the  practical  limit  of 
nunuteness.  The  exact  changes  in  the  dioptric  mediums  and  surfaces 
of  the  eye,  which  occur  with  age,  and  in  the  act  of  accommodation, 
are  still  uncertain.  This  point  at  which  phynlcs  and  physiology  come 
together  is  one  of  especial  interest.  More  minute  studies  of  both  the 
physical  conditions  present  in  the  crystalline  lens  and  the  phyMo- 
logic  proceseee  which  change  them  may  yield  suggegtions  of  wide 
applicability  both  in  general  physiology  and  in  general  physics. 

Tliat  part  of  the  physical  side  of  ophthalmology  concerned  with  the 
movements  of  the  eyGball,  which  secure  and  m^ntwn  binocular 
vision,  has  of  late  yerirs  attracted  much  attention.  A  voluminous 
literature  regarding  it  h&ft  arisen,  the  bulk  of  which,  to  speak  frankly, 
is  worth  very  little.  This  literature  eothlbita  with  painful  emphasis 
the  general  luck  of  a  broad  training  among  physicians  which  leaves 
them  unable  to  grasp  and  use  to  advantage  essential  physical  and 
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mathemattc  conceptions.  The  same  defective  training  is  atfo  seen  in 
the  cnidencRS  and  inefficiency  of  physical  methods  thiit  have  been 
widely  resorted  to  for  the  correction  of  imporfeci.  physiologic  adjust- 
ment«.  The  unknon-o  being  alwa^'s  great,  the  surgeon,  painfully 
avnrc  of  the  limitatiotui  of  bin  knowledge  of  phviiiology,  w«ma  to 
have  placed  a  blind  fnith  in  mechanical  readjustments,  of  the  lim- 
itations of  which  he  Mas  still  more  ignorant. 

Fortunately,  the  importance  of  phj-sialogic  development  for  the 
perfecting  of  the  function  of  binocular  vision  hag  been  recently 
emphaeixcd.  Binocular  vision  in,  comparatively,  a  late  acquirement 
in  the  evolution  of  the  race.  The  capacity  for  it  is  etill  rather  liable 
to  imperfect  transmission  from  generation  to  genomlion.  The  in- 
Htinctive  rcuctloos  and  efforts  of  the  child  iu  this  direction  often 
need  to  be  guided,  assisted,  and  supplemented.  A  better  appreciation 
of  this  evolutionary  p^occ!^s  and  its  recapitulation  in  the  individual 
bcromcH  the  antidote  for  blind  dependence  on  crude  mcchaoical 
remediee. 

Physiology.  Turning  to  the  physiologic  side  of  ophthalmology, 
it  may  be  noted  with  regard  to  the  growth  and  nutrition  of  the  cyfr- 
ball  that  these  are  strikingly  determined  by  inherited  tendency,  and 
arc  markedly  perturbed  only  by  accidental  influenpct  of  the  severest 
type.  The  grenl  maaa  of  eyes  approach  man-dou^Iy  near  to  a  normal 
standard,  independently  of  use  or  of  influences  aSectiog  general 
nutrition.  This  ia  illustrated  in  the  retinal  development  of  ej-es,  the 
seat  of  congenital  cataract;  in  the  full  growth  of  the  eyeball  among 
influences  that  stunt  the  general  body  growth,  in  the  maintenance 
of  function  in  Bpite  of  extenRive  wounds,  and  in  the  strong  resistaoDe 
to  the  extension  of  suppurative  processes. 

In  view  of  the  slight  pcrLurbntion  caused  in  the  nutrition  of  the 
ooular  tisBues  by  moderate  influences,  it  seems  eaay  t^o  understand 
why  physiologic  experiment  upon  the  eye  has  thrown  little  light 
upon  ibo  normal  processes  of  general  nutrition.  ITic  influences  of 
sugar  and  naphthalin  in  causing  opacity  of  the  crj-stalline  lens  re- 
main after  many  yeare  phenomena  almost  completely  isolated  and 
not  well  explained.  Tlie  opportunity  for  the  experimental  study  of 
pharmacology  and  of  proceeses  of  nutrition  which  seemed  to  be 
openctl  by  the  discovery  of  the  ophthalmoscope  has  so  far  proved 
rather  di.'iappointing. 

Pathology.  The  disturbance  of  the  orderly  course  of  nature 
within  the  eyeball  is,  however,  only  a  question  of  the  adequacy  of 
the  disturbing  force;  and  causes  capable  of  producing  pathologic 
results  may  here  be  studied  through  the  chnractcristie  series  of 
their  cffct'ts.  The  transparency  of  the  ocular  mediums  enable  U3  to 
watch  undisturbed  the  usual  course  of  palhol<^c  processes  within 
the  eye.  This  has  been  of  highest  value  in  ^viug  exactMn  nod  dc- 
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fioiteness  to  some  of  our  ideas  regarding  pathology.  In  the  way  of 
contribulionH  to  exact  knowledge  of  the  processes  of  exudation  and 
resolution  that  attend  inilammation,  and  of  advanced  knowledge 
of  vasculiu*  and  ncrv'O  lesions,  muoh  must  be  eredit«d  to  ophthalmo- 
logy. Yet  the  opportunity  it  affords  for  the  study  of  pathology, 
experimentally  or  clinically,  has  thus  far  been  utilized  by  few,  and 
Along  compartitively  narrow  lines. 

Qenerai  Mtdicint:.  Ophthalmology  has  the  closest  relatiom  with 
all  other  departments  of  medical  and  surgical  ecience.  The  general 
tiauM  which  make  up  the  body  at  large  also  enter  into  the  eyo  and 
its  immediate  surroundings.  They  are  here  liable  lo  the  same  morbid 
diangee,  and  in  some  measure  require  the  same  applications  of 
therapeutic  forces.  The  infections,  acute  or  chronic,  have  their 
chamcteri^tic  ocular  manifestations.  The  degenerations  may  here  be 
traced,  many  of  them  Tvith  more  minuteness  and  from  an  earlier 
stage  than  iii  pr«Hible  in  any  other  organ.  It  n-ould  he  eaoy  to  spend 
time  in  outlining  these  relations  of  ophthalmology  which  have  been 
the  subject  of  treatises  on  the  eye  in  rclatiou  to  general  diseases. 
But  it  was  the  "Father  of  Medicine"  who  pointed  o»it,  "art  ia  long 
and  time  is  fleeting,"  Omitting  any  such  general  sur^-ey  of  matters 
which  bavc  clrcudy  claimed  conaidcrubtc  attention,  lot  m  traco,  ua 
equally  instructive  examples,  a  few  of  the  newer  or  less  commonly 
noted  relntions  of  ophthalmology. 

BtKtaiolo(fy.  Great  interest  uttaches  to  observations  that  have 
been  made  in  the  region  common  to  bacteriology  and  ophthalmo- 
logy. The  pathngonio  aotion  of  micro6rganism.i  can  nowhere  else 
in  the  human  body  be  so  readily,  directly, and  continuously  studied. 
Already  the  known  bacterial  Sora  of  the  eye,  both  normal  and  path- 
ologic, is  a  targe  one;  and  the  eharacterintics  and  relatinnHhips  of 
some  of  the  organisms  found  there  have  been  quite  widely  observed 
and  commented  upon.  Valuable  ittudics  of  the  actions  of  bacterial 
toxins  upon  the  living  tissues  of  the  eye  have  been  made  by  Morax 
of  Paris,  and  Randolph  of  Baltimore.  But  their  observations  are  so 
farfrom  being  conclusive  that  they  call  for  additional  investigations 
lo  reconcile  them. 

The  identity  or  non-identity  of  certain  related  forms,  aa  the  diph- 
theria and  the  xerosis  bacilli,  are  of  equal  interest  and  importance  to 
students  of  both  sciences.  The  observation  that  the  same  clinical 
types  of  inflammation  may  be  associated  with  the  presence  or  imtisiukl 
abundance  of  totally  different  forms  of  bacteria,  as  the  pyogenic 
staphylococcus,  pneumoeoccus,  diplobacillus  and  xerosis  bacillua, 
has  been  made  by  many  different  workers  in  this  field.  It  raises  the 
questions,  what  is  the  es8entia1  relation  of  the.tc  organisms  to  the 
inflammatory  process,  and  is  that  relation  necessary  or  merely 
aooidentalf 
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In  the  eye  we  have  admtruble  examples  of  inflarnmatioo  due  to 
noobaoteri&l  causes,  like  the  retinitis)  folloiviag  the  excesfdve  use  of 
the  eyes,  or  expoaure  to  excessive  light;  the  choroiditis  attendtug 
myopia;  aad  the  iolliuam&tioas  of  th«  conjucctivu  and  Udn  due  to 
eye-strain.  Have  auch  pathotogic  processes  any  necessary  relation  to 
bacteria  whatever?  What  other  processes  resembling  reactions  lo 
microorganisms  may  be  reactions  to  unknown  causes  quite  unrclntcd 
to  bacteiial  invasion?  It  may  be  suggested  that  certain  forros  of 
ocular  disease,  such  as  "Parinaud's  conjunctivitis"  and  "vra-nal 
conjunctivitis"  ought  to  be  carefully  studied  for  a  possible  connec- 
tion with  microorganisms  other  than  bacteria. 

Neurology.  The  relations  of  neiirolog>'  with  ophthalmology  are 
BO  extensive  and  eo  intimate  that  the  boundary  between  them 
would  vary  enormously  with  the  taate  or  training  of  the  individual 
who  undertook  to  delineate  it.  Die  NeuTologie  des  Avgea,  of  Wil- 
brand  and  Saen^ier,  hae  already  reached  some  loDO  pages  Mid 
promises  to  extend  indelinitely.  Of  the  twelve  pairs  of  cranial  nerrea, 
six  are  distributed  partly  or  entirely  lo  the  eye  and  its  appendages. 
Teculiarly  intimate  relations  and  analogies  existing  between  the  retina 
und  the  brain  give  to  obiHcrvations  made  upon  tho  former  u  unique 
dcierililic  interest  and  value.  Then,  too,  the  dependence  placed  upon 
the  visual  function  in  nearly  alt  occupations  and  amusements  gives  it 
a  predominant  influence  upon  tlie  general  condition  of  the  nerx'ous 
system. 

Fatigue,  neurasthenia,  excessive  irritability,  sluggish  and  defective 
development  of  the  higher  centres  are  likely  to  be  very  closely  con- 
nected with  abuse  or  defect  of  the  visual  function.  The  term  eye- 
strain may  be  loose,  induhnile,  and  faulty,  but  behind  it  staruls  an 
entity  of  enormous  scientific  and  sociologic  importance.  Those  who 
have  most  strongly  emphasized  its  importance  may  sometimes  have 
betrayed  narrowness  of  view,  and  o.  disposition  to  reason  from  mere 
plausible  hypotheses;  but  the  known  facts  with  regard  to  the  in- 
fluence of  abnormal  use  of  the  eyes  upon  the  functions  of  the  general 
nervous  system  justify  more  general  attention  than  litis  yet  been  paid 
to  them. 

Pgj/ehology.  In  the  motor  and  sensory  phenomena  attending 
eye-use  and  eyestrain,  we  have  an  open  path  to  intimate  experi- 
mental knowledge  of  the  general  nature  and  relations  of  nerve  actions 
and  states,  both  normal  and  pathologic;  and  may  make  the  elosest 
approach  to  objective  knowledge  of  the  phenomena  of  consciousoesa. 
One  need  have  but  a  limited  knowledge  of  ophthalmology  and  neur- 
ology to  travel  this  path  and  bring  back  results  of  great  v^ue,  os  did 
Joseph  Le  Conte.  Other  similar  investigations  would  yield  additional 
matter  of  high  interest  for  its  relations  to  psychology.  Clo«c  obser- 
vations of  form^  as  modified  by  lenses  and  prisms;  and  of  color  as 
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modified  by  contrast,  and  preparatory  treatment  of  the  retina,  are 
open  to  lill  nunnnl -sighted  persons.  The  careful  study  of  tlivso  tlf^ 
menlary  perceptioiu  must  funush  an  eesential  stone  for  the  future 
edifice  of  meatal  scienoe. 

The  ordinary  subjective  ICAts  ot  refraction,  wliich  occupy  so  large 
a  part  of  Q\e  time  of  every  practic-ing  ophilialDiolugist,  furnish  data 
which,  carefully  selected  and  arranged,  would  be  of  much  import- 
ance in  p«ycholo^.  The  rei<pon.se  to  the  simple  t€st  of  improving 
or  impairing  vision  by  a  change  of  lens  shows  characteristics  constant 
for  the  individual,  but  which  vary  widely  in  diHerent  persons.  The 
routine  which  any  one  adopts  in  the  subjective  testing  of  ametropia 
furnishes  the  f&irly  constant  conditions  of  OTCpcrimcnt  calculuted  to 
best  bring  out  c\aaa  types  and  individual  peculiarities  of  reaction. 
<  Surely  some  ophthalmologiat  interested  in  thia  matter  will  place 
!  tome  of  this  material  at  the  command  of  students  of  mental  science. 
Lata  of  Ucredity  and  Congenital  Variation.  Attention  should 
be  called  to  the  fact  that  ophthalmolo^  offers  an  important  and 
promising  field  for  studies  of  the  laws  of  heredity.  1  have  already 
referred  to  the  tendency  exhibited  by  the  tiasuca  of  the  eye  to  ad- 
here strit-tly  to  tyi>c,  in  their  development  and  in  their  resistance  to 
accidental  influences.  Already  enough  has  been  observed  to  v^arrant 
the  suppoflition  that,  in  the  eye.  departures  from  the  normal  type 
arc  themselves  apt  to  be  typical.  Take  the  well-known  facti<  regard- 
ing congenital  defects  of  color  perception.  The  similarity  of  the 
disability  in  enormous  numbers  of  cases,  and  the  tendency  to  descend 
to  grendsonu,  throuK^"  the  daughter  only,  arc  strongly  typical.  Such 
typical  instances  would  seem  to  promise  most  for  an  elementary 
knowledge  of  the  laws  of  heredity — those  laws  which  have  the 
widest  and  deepest  importance  for  the  sociology  of  the  future.  It 
must  be  mentioned,  however,  that  this  law  of  descent  through  the 
female  to  the  male  does  not  apply  universally.  We  have  in  ophthal- 
Jpgy  enough  groups  of  exceptions  to  quite  limit  and  define  its 


The  range  of  ophthalmic  observations  already  available  in  this 
direction  is  a  wide  one.  The  congenital  anomalies  of  the  eye  and 
the  individual  peculiarities  it  may  present,  as  to  color  of  iris,  pig- 
mentation of  the  eyegrouud,  distribution  of  vessels,  and  a><|>ecially 

\  anomalies  of  refraction,  as  welt  as  the  ocular  diseases,  have  been  well 
worked  out,  and  they  iiro  capable  of  comparatively  exact  notation 

'  and  record.  Statistical  studies  regarding  them,  extending  over 
family  or  race  groupe,  can  be  relied  on  as  giving  facts  of  definite 
value.    There  are  already  accumulated  many  observations  of  great 

,  interaet  in  this  connection.  The  reversion  to  an  ancestral  type  of 
pigmentation,  in  retinitis  pigmentosa,  the  striking  condition  of 
amaurotic  family  idiocy,  the  [smiiapositioQ  of  the  Hebrew  race  to 
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glaucoma,  and  of  the  negro  to  phlycteQulaj  disease,  and  the  com- 
parative freedom  of  the  latter  from  trachoma,  lachrymal  obstruction, 
and  strabismus,  are  instanoes  of  a  long  list  of  oplithalniic  facta  that 
-will  help  to  reveal  laws  of  congenital  variation  and  heredity. 

Education.  From  the  field  of  ophthnl mology  wc  can  bnng  sug- 
gesliom  of  radical  importance  aa  to  methods  of  primary  education. 
The  educative  treatment  of  squint  is  truly  an  educational  process; 
find  of  the  simplest  and  moat  definite  kind.  How  development  of 
power  and  skill  goes  on  under  it  may  well  claim  the  attention  of  the 
philosophic  teacher. 

In  congenital  word  blindness,  to  which  attention  han  bei'n  directed 
of  late  years  by  Hinshelwood  and  Nettleship,  wo  have  a  suggestion 
of  the  obstacles  that  may  lie  in  the  way  of  the  ordinary  training  of 
children.  A  bright,  exceptionally  successful  teacher  told  me  she  had 
devoted  three  months  to  the  attempt  to  tetich  an  apparently  bright 
and  active  boy  nf  over  six  yeara  the  name*  of  the  first  three  letters 
of  the  alphabet,  and  had  failed  in  that  time  to  fix  either  of  them  in 
his  memory.  1  have  encountered  two  of  these  cases  of  inability  to 
name  the  letters  seen.  altlinuKh  the  alphabet  could  bo  repeated  for- 
ward or  backward  by  rote.  In  both  of  these  cases,  as  in  most  of  the 
other  reported  cases,  this  disability  gubsequently  disappeared.  Evi- 
dently there  is  a  time  to  teach  the  alphabet  and  a  time  not  to  teach 
it.  In  these  cases  the  times  varied  widely  from  the  normal  standard. 
How  many  other  mental  capacities  are  there  the  development  of 
which  may  be  exceptionally  early  or  long  delayed?  How  often  is  the 
usiinl  order  of  development  reversed?  The  complexity  of  the  rela- 
tively simple  act  of  vision,  its  iruibility  to  render  a  certain  service 
because  of  the  retarded  or  imperfect  development  of  a  subsidiary 
power,  should  be  enormously  suggcstivo  to  the  student  of  pedagogy. 

The  ophthalmic  hiHtnry  of  our  schools  enforces  a  lesson  that  needs 
to  be  remembered  in  every  application  of  educational  science.  By  the 
training  given  to  and  through  an  organ,  and  intended  to  perfect  it« 
powers,  it  is  possible  to  render  it  functionally  worthless.  The  con- 
nection of  myopia  with  the  educational  process  of  a  certain  kind  is 
as  vrell  established  tts  the  connection  of  choroidal  atrophy,  retinal 
detachment,  and  cataract  with  myopia.  Then,  too,  the  curriculum 
and  conditions  of  study  which  leave  the  eyes  of  one  scholar  un- 
harmed ruin  the  eyes  of  others.  Will  not  the  analogy  between  eye 
and  brain  carry  over  the  ophthalmic  observation  aa  another  int- 
portant  suggestinn  to  those  who  study  the  theory  of  education,  and 
work  out  the  educational  schemes  to  which  young  persons  are  sub- 
jected? 

Preventive  Medicine  and  Public  Health.  It  requires  no  stretch 
of  imagination  to  apply  the  ob9er\'ed  facts  regarding  the  deterio- 
ration of  the  eyes  during  school-lifo  to  the  service  of  preventive 
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mediciae  and  publio  health.  The aepar&ie statistical  studicsof  achool- 
childreo's  ©yes  are  now  numbered  by  huatlreda  or  thousands.  Some 
are  of  touch  higher  value  than  others.  But  taken  together,  they 
afford  a  broad  and  substantial  basis  for  the  conclusioas:  that  as 
«<^iool>  arc  now  cocductod  throughout  the  civilized  world,  school- 
life  taxes  the  eye  to  near  its  full  capacity  for  active  work ;  that  un- 
favorable Influences,  like  ioAulficieDt  light,  uncorrected  ametropia, 
or  impaired  gCQCrdl  boaitti,  render  the  strain  of  fichool-life  dlsiistroiu;, 
and  cause  the  eye  to  be  permanently  damaged.  That  merely  the 
Dorma]  requirements  of  the  body  during  a  stage  of  rapid  develop- 
tDeat  may  cause  brculc-duHii  under  ordinary  school-work,  with  com- 
paratively favorable  conditions;  and  that  when  working  to  near 
fuU  capacity,  individual  needs  and  peculiarities  must  be  taken  care> 
fully  into  account.  The  enormous  aggregate  of  disability  ntid  sufier- 
ing,  brought  about  by  diaregard  of  these  conditions  of  maximum 
effective  work,  make  tlieae  studies  of  the  eye  under  school-life  very 
important  to  tJioee  who  labor  in  the  field  of  preventive  medicine. 

lliese  studies  of  tho  oy«6  of  school-children  aUo  have  for  thoGO 
who  study  abnormal  psychology  the  HUggestive  value  of  very  defijilte 
and  accurate  observations  in  a  related  field.  It  is  chiefly  because  of 
the  analogies  of  eyo-straiu  and  bruintttrain  that  we  cannot  admit 
extravagant  claims  for  tlie  influence  of  the  former  in  causing  all  the 
ills  that  the  nervous  system  can  manifest.  If  correction  of  errors  of 
refraction  will  not  prevent  all  sorts  of  neuroses  and  psychoses,  the 
study  of  eye-eirain  and  its  prevention  will  throw  as  much  light  upon 
the  nature  and  prevention  of  brain-fag  and  nerve-etrain  as  any  line 
of  study  open  to  the  worker  for  the  prevention  of  such  conditions, 
be  he  neurologist,  teacher,  or  social  reformer. 

In  another  and  quite  different  direction  the  straight  course  of  the 
ophthalmologist,  working  at  his  daily  routine,  curries  him  into  the 
domain  of  public  health.  The  group  of  contagious  ioflariuiiationB  of 
the  conjunctiva,  especially  the  still  iudcliiiitc  condition  called  tra- 
choma, are  of  enormous  importance  for  their  bearing  upon  public 
health.  Social  customs,  the  regulation  of  immigration,  and  the  eco- 
aomic  and  educational  problems  raised  by  blindness,  ore  all  inti- 
mately interwoven  with  the  recognition  and  treatment  of  these 
dtseases. 

Training  cf  the  Worker.  Finally,  an  essential  relation  of  each 
department  of  science  to  other  departments  is  ttie  educational 
relation.  This  vast  accumulation  of  oliserved  fact  and  analogy,  of 
connected  cause  and  effect ;  t  his  mighty  web  of  interweaving  general- 
ixation,  which  our  Congress  of  Arts  and  Science  attempts  imper- 
fectly to  reflect,  —  this  huge  phenomena  of  modern  science,  —  is  of 
value  chiefly  as  it  becomes  possible  to  transmit  it  from  generation  to 
generation.  It  is  the  application  of  knowledge  to  tho  needs  of  men. 
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and  the  answering  of  the  questions  which  perplex  Lhem,  that  quickeiu 
it  and  vivifies  it  —  that  rcuiIerB  it  prolific  and  iniiiiortal.  Ophtlial- 
molo(!y  tlie  science  is  vitally  interested  in  the  traiiiinK  of  thoee  who 
apply  ophthalmologj'  the  art.  The  greatest  sen-ice  will  be  rendered 
to  it  and  through  it  to  mankind  by  that  iiutitution  of  learning  that 
vill  eetabliHfa  a  broad,  weU-planned  department  uf  ophthalmology 
for  the  thorough  training,  both  optic  and  physiologic,  of  thoue  who 
ftre  to  apply  it^  accumulated  facts  and  gcnemliBations.  The  progress 
erf  ophthalmology  is  to-day  seriously  impeded  by  the  lack  of  rounded 
education  in  all  directions  from  its  essential  centre. 

Ctenrly  it  belongs  among  the  nic<lif'al  scieiires.  It  can  continue 
to  grovr  and  prove  fruitful  only  through  its  connection  with  their 
common  cducatioaal  root.  But  it  differs  from  all  other  departmcnte 
of  medical  science.  And  that  difference,  involving  a  good  working 
knowledge  of  tnatbernatics  and  skill  in  minute  observations  and 
delicate  manipulations,  requires  that  the  specialisation  in  the  training 
for  it  shall  be  great,  and  shall  begin  early.  Difficulties  in  the  way  of 
the  required  specialisation  will  suggest  themselves  to  any  one  who 
has  struggled  with  the  problems  of  medical  traimng.  But  many  of 
them  will  disappear  as  the  educational  scheme  Is  made  to  take  it« 
proper  relation  to  the  peculiar  individual  needs  of  each  Rtudent.  As 
we  learn  to  furnish  each  growing  mind  eonditions  for  its  beat  deve^ 
opDient,  the  difEculties  of  teaching  a  specialty  will  grow  less.  When 
we  have  given  up  that  barbaric  ideal  of  forcing  a  living  consciouaneee 
into  a  set  mold,  we  shall  get  away  from  the  notion  that  an  ophthal- 
molo^Bt  cut  be  best  grown  in  the  region  of  general  surgery,  and 
when  ready  to  bear  fruit  in  that  field  can  be  safely  transplanted  to 
the  outlying  clearing  of  ophthalmic  science,  where  he  Beems  to  be 
needed. 

The  PTOCC88  of  obtfliniDg  educative  material  must  be  broadly 
selective.  There  must  be  selection  on  the  part  of  the  teacher  and 
selection  on  the  part  of  the  student.  We  must  learn  the  leason  that 
the  uchicvcmcntt)  of  the  race  outrun  the  possibilities  of  the  individ- 
ual.  Even  in  the  free  atmosphere  of  thought,  if  we  take  some,  mor« 
must  be  left  unbrealhed.  Not  that  what  is  taken  is  of  aoy  better 
quality,  simply  that  it  ia  nearer  and  can  be  utilized  by  less  waste 
exertion.  Ro  for  each  student  certain  things  lie  near  at  hand,  within 
the  easy  reach  of  his  interest.  They  may  be  no  better  in  the  abstract, 
and  yet  they  are  better  for  him.  To  drag  him  away  from  them  to 
seek  more  distant  mental  pabulum  is  to  waste  a  part  of  bis  life.  In 
this  matter  of  education,  economy  of  vital  force  demands  that  we 
respect  the  po«?ibiIitieti  and  limitations  of  the  individual. 

Upon  a  thousand  fields  of  discover^'  eager  workers  pu.-ib  back  the 
ev'er>widcniDg  margin  of  the  unknown.  In  a  thousand  laboratorios 
crude  fact,  treated  in  the  crucible  of  experiment,  is  yielding  its  gold  of 
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wisdom.  Analysis  opens  all  doors  and  probes  all  secrets.  MeanwhDe 
fancied  boundaries  and  limits  disappear,  systems  of  philosophy  fall 
to  pieces,  lie  in  historic  fragments  for  a  little  time,  and  then  are 
forgotten.  But  there  are  not  lacking  higher  synthetic  movements. 
On  the  one  side  becomes  more  and  more  clear,  order,  eternal  and 
infinite,  while  on  the  other  rises  ever  more  dominant  the  developed 
thinker  and  worker  —  his  union  of  knowing  with  doing,  the  human 
expression  of  a  divine  synthesis. 
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Collegi',  1S&8.  I'eliow  of  the  CoU<-g*  of  Fliysidan*,  PtiUmli-lphii*;  Mcmbtr 
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Borderland  SHidiM;  DitMUa  of  Iht  JCr/r;  Mmiting  and  Mfihnd  tif  lA/t;  Att 
Aulamn  Singer ;  Biographk  CtCnica.  4  voti.;  and  tmmy  oUier  works,] 

TaE  diatiucliou  between  whut  may  lio  culled  the  old  ophthalmo- 
logy and  the  new  is  one  of  almoet  unique  clearneds,  a.t  compared  v.'ith 
that  of  other  depBrtments  of  modicine  or  ecience.  Especially  in 
medical  practice,  the  modern  stutim  bus  usuully  grown  out  of  the 
older  and  oldest  by  miiiuteslnial  increments  and  gradual  modifi- 
cations. In  optbalmology  it  is  Dot  so,  and  this  fact  explains  why 
there  are  such  profouDd  difTcrcnccs  of  opiniou  Ba  rcganhi  Uie  claims 
of  the  new.  Although  both  are  usually  practiced  by  the  same  men, 
they  may  be,  and  often  are,  as  distinct  in  origin,  theory,  and  practice, 
as,  e.  g.,  are  otology  and  ophthalmology. 

Tlio  "old  opbthulmology  "  was,  and  is,  coDcemed  with  inSamma- 
tory  ajicl  surgical  diseases  alone,  remaining  ignorant  of  and  indifTcrent 
to  such  relations  as  tnighb  exist  between  tlie  eye  and  ilie  general 
system,  excci>t  au  reg&rda  those  minor  and  few  disease:!  which  ari«« 
in  the  body  and  then  affect  the  eye.  Ocular  inflammation,  ocular 
operations,  and  the  ocular  results  of  systemic  disease  —  these  were 
the  limits  of  ite  interests.  Even  in  recent  text-books  on  medical 
Ophthalmology,  there  is  no  thought  of  any  other  relations  of  general 
medieme  and  ophthalmology  than  those  morbid  ocular  ones  originat- 
ing outside.  That  the  eye  is  the  starting-point  of  systemic  diteaM 
n-as  unsuspected,  la  the  latest,  greatest,  best,  and  most  official 
text-book  on  general  medical  practice,  that  of  Allbutt,  there  is  not 
a  word,  from  the  first  page  to  tlie  last,  which  hints  at  Uie  ocular 
origin  of  any  systemic  disease,  not  even  of  headache.  Id  the  text- 
books of  gcticral  medicine  by  Continental  authora  tticre  in  the  same 
ofHcial  ignoring  of  the  claims  of  the  new  ophthalmology.  In  America 
also  most  of  the  text-books  cither  ignore  entirely,  or,  what  is  worse, 
list  the  remote  causes  of  one  or  two  ayalemic  symptoms  as  possibly 
due  to  the  eye,  but  so  mechanically  and  inattentively  as  to  turn  the 
student  aside  more  effectively  than  the  silence  of  the  utter  ignorers. 
The  "praise"  is  very  "faint"  indeed,  with  which  lliey  condemn. 

Tlie  new  ophthalmology  finds  its  objects  of  study  and  interest 
precisely  in  these  systemic  results  of  ocularconditions.  Idonot  mean 
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in  such  wAys  as  the  circulatory  or  metastatio  transfer  of  inflamma- 
tory gr  infectioiu!  dttseaacs  from  the  eye  to  other  urf^m,  aor  to  the 
exienainn  of  localized  inflaminatioiis  Ia  adjaceDt  or  even  distant  ones. 
That  is  another  mAtter,  and  of  it  the  old  opbthalmologj'  took  suffi- 
cient cognizance.  The  field  of  study  of  the  new  ophthalmology  is 
tf^p-aphically  well  defined,  its  title  clear,  its  methods,  instruments 
of  culture,  the  Hee<l.  aod  the  crop  itself,  distinct,  both  genetically 
and  evolutionally. 

The  abnormal  conditions  of  the  eye  which  Mt  up  morbid  sya- 
tetnie  results  may  in  strictneHt  scarcely  be  called  abnormal  except 
by  a  strain  put  upon  the  word.  At  ieaat  tliey  are  pvr  ae  not  morbid. 
They  might  better  be  called  physio! ogifiitly  aberrant  or  variant. 
They  do  not  orijtinate  in  inflammatory  or  patholoKie  cnnditions.  but 
aimply  in  optical  ones.  But.  for  us  all  phyeical  optics  leads  to  physio- 
logic optirs.  iVtiniirily  htiiI  fuiiilamentaiiy  it  pertains  to  the  eye  as  an 
optical  instrument,  but  as  a  living  cue,  a  physiologic  camera  obscura. 
If  the  photQRf apher "a  camera  had  an  eioetic  lens  instead  of  a  rigid 
one,  and  if  its  rcfmcttvc  power  were  iipontanetnif'Iy  governed  by  the 
desire  of  the  camera  for  an  accurate  focus  of  the  picture,  the  analog}' 
would  be  almost  perfect.  But  the  photographers  camera  can  neither 
direct  itself,  nor  renew  its  own  sensitive  plate,  bo  that  in  spontaneous 
choice  of  scene,  change  of  focus,  and  renewal  of  sensitive  plate,  the 
living  camera  is  superior  to  the  dead  one.  The  uuturiil  difficulties 
of  the  choice  of  scene  and  of  the  resensitixation  of  the  plate  have 
been  beautifully  overcome  in  tbe  eye  by  the  God  of  evolution,  but 
other  ohatftL-Ies  have  not-  bt^n  overcome.  Tlie  ocular  camera,  for 
instance,  la  double,  and  stereoscopic,  and  acciirately  to  superpose 
the  images  of  both  cameras  is  freqtiently  impossible  even  after  ages 
of  worlcnianaliip.  As  all  physiology'  leads  to  pathology,  .so.  for  phy- 
sicians, all  physiologic  optics  ends  in  pathologic  optica.  The  twelve 
ocular  muscles  hnve  a  highly  complex  and  skilled  task;  hence 
heterophoria  and  t^trabismus.  Moreover,  the  spontaneously  elastic 
leas  growG  inelastic  in  forty-S\-e  yearo.  aud  presbyopia,  at  least  be- 
fore the  days  of  spectacles,  was  a  frightful  tragedy.  Lastly,  the 
transparent  lens  could  not  formerly  retain  its  transparency  in  old 
age,  and  the  blindnetrs  from  cataract  at  the  end  of  life  has  not  yet 
been  entirely  prevented. 

But  tbe  chief  difficulties  of  the  mechanic  of  the  living  camen 
were  to  .'(ecurcto  1,300,000,000  human  iMjings,  end  to  their  sucoflssors 
in  each  generation,  eyeballs  which  did  not  vary  more  than  about 
j)  ^  of  an  inch  from  a  given  diameter,  and  to  make  all  corneaa  of  the 
same  radius  of  curvature  in  all  meridians.  These  difHculties  have 
been  so  great  that  there  has  probably  never  been  such  a  mathe- 
mattculty  perfect  anil  optically  cjiact  pair  of  eyes  in  the  world. 
Those  chosen  by   natural  selection,   the  elinunalion  of  the  unfit, 
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and  the  mystery-  of  heredity  to  survive  and  to  repeople  the  eaith, 
h&ve  been  sucli  &»  wore  not  so  widely  variant  as  to  disqualify 
their  pn88e«8»n  for  work  aud  service;  and  the  roajarity  of  ilieir 
children,  those  now  living  in  the  world,  have  eyea  so  near  accuracy 
in  optical  dimensioiw  as  to  render  their  owners  at  least  partly  func- 
tional in  the  evolution  process.  This  almosl  infiiiilesimal  variant  nf 
g^O  of  an  inch,  the  thickness  of  a  sheet  of  paper,  in  eyeball  meaaure- 
ments  may  throw  the  unfortunate  posseRSnr  out  of  the  struggle 
for  existence,  so  far  us  pcrpotualion  of  the  race  goes,  at  leaat  in 
civilized  life,  and  for  some  occupations,  or  it  may  render  him  a 
most  pathetic  suEFerer.  I  ftay  it  may  do  so,  not  that  it  does  do  this 
invariably  or  generally.  The  simple  law  is  that  tho  greater  the 
ametropia  tJie  pHsater  the  certainty  tliut  it  will  do  so,  and  the  more 
limited  the  range  and  (-hoico  of  occupations.  The  lower,  not  the 
positively  lowest  errors  of  rcfraetion,  however,  in  eivilizstion  are 
those  which  in  moral  persons  cause  the  greatest  personal  pain  and 
suffering.  The  high  errors  brutalize,  immoraliM,  and  exclude  ihe 
owner  from  most  oecupations;  the  lower  cause  pain  and  illness. 

Eye-8train  ia  the  unforlunate  and  incipreasive  term  that  has  come 
into  use  for  the  results  that  follow  the  attempt  of  the  eyes,  brain, 
and  corelnted  organs  to  neutralise  the  defective  function  of  the 
optically  imperfect  eyeballs  and  mechanisms.  The  optical  defect  is 
not  morbid;  it  ia  at  best  pathogenic,  secondarily  or  indirectly, 
not  primarily.  Its  8econdar>-  effect,  the  straining  of  phyBJoIogic 
muflclee  and  nerve-centres,  is  not  in  itself  necessarily  pathologic. 
But  it  illuatrfttea,  and  best  illustrates,  the  great  truth  which  t«xt- 
bonke.  teai-hers.  and  medieal  science  itself,  are  sadly  prone  to  (on 
get,  that  ahnormiil  phj'siology  is  the  origin  of  most  pathology. 
Unnatural  action  and  over-aetion  start  the  morbid  function  which 
finally  lands  the  physiologic  upon  the  post-mortem  table.  To  ignore 
this  tnitli  is  itself  ]iuthoU)gic  pathnlof^y;  to  scorn  it  is  to  add  un- 
acientific  sin  to  the  symptom-complex  of  the  scientist's  disease.  It 
is  gratifying  to  find  a  reaction  taking  plaec  —  the  bcginninga  of  it 
at  leaat.  The  maEnificcnt  paper  of  Dr.  Putnam  of  Boston,  read  at 
this  Congress  two  days  ago,  is  a  hopeful  sign  of  progress.  I  am  sorry 
he  omitted  tho  most  striking  illustrations  of  his  thesis  at  hii  hand, 
the  production  of  headache,  migraine,  nervous,  mental,  digealional, 
and  scoliotic  diseast?a,  by  eyo-strnin,  The  ctiologic  agency  in  these 
eases  is  both  organic  and  functional,  according  to  the  point  of  view, 
but  —  and  for  this  he  contended  roost  warrantably  —  it  is  pre- 
eminently physiologic  instead  of  anatomic,  —  at  least  not  in  the 
sense  given  tlint  word  by  the  pathologist  of  the  past.  The  patho- 
logist of  the  past  has,  indeed,  completed  his  work.  The  great  need 
of  the  future  is  ph)'i<iolog]c  patholog}'. 

It  should  be  noted  that  as  eye-stmin  is  itself  simply  functional. 
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—  if  Uie  word,  as  I  think,  is  still  permitted,  —  not  organic,  so  its 
nsolts  are  at  least  primarily  the  sume.  Headuche,  the  psroxj'smsl 
neuroMs,  many  nervous  and  psyoliie  dieordere,  epilepay,  ciiorea, 
mignun«.  sick  headache,  gastric,  digestional,  and  pelvic  di»orden, 
dermatoses,  ioflucnza,  ancmiu,  dcnutrition,  etc.,  whoa  duo  to  cye~ 
urain,  arf  at  first  and  e^entially  purely  functional.  Even  those 
more  severe  diseases,  such  as  spinaJ  curvature,  appendicitis,  pul- 
noDar)'  Uii^ia^us,  u.viphtlialmic  goiter,  etc.,  which  are  sometimes 
directly  and  indirectly  the  results  of  eye-atrain,  are  at  first  char- 
acterized by  &  peculiar  stage  of  functional  and  remediable  disorder, 
preceding  ihc  organic,  inflninmaiory,  and  lucuruble  one-  There 
are  valuable  and  practical  lessons  to  be  gleaned  from  the  fact  of 
the  origin  of  ey(Httrftin  in  optics  at  onoe  hiHtoric,  physical,  and 
f^ysiologic.  Tlicre  is  the  observation  that  medical  science  and 
paiholog}'  did  not  discover  it.  The  Hcicnce  of  physiologic^  and  puth- 
ologie  optics  came  to  medicine  almocit  entirely  from  without.  It  is 
tlie  gift  of  students  of  ph^'sics.  Even  when  physicians  busied  them- 
iviwitf  with  ittheydidsopvircly  from  their  iiitertwt  in  vitiion  ami  clear- 
seeing,  not  from  that  of  pathology.  Astronomers,  physicists,  and 
opticianf  presented  their  giift  to  medicine.  Even  Dnnders  had  little 
or  no  thought  of  the  extensiim  of  the  practical  science  made  by 
the  practical  American  ophthalmologist.  The  earliest  refraction- 
ietfi  —  we  must  use  the  word  —  more  or  leas  accidentally  and 
incidentally  discovered  the  facts  of  the  relief  of  systemic  diseaaea 
by  their  spectacles.  The  patients  made  the  discovery  that  their 
headaches  and  nervous  symptoms  disapijcarcd  when  they  wure 
their  astigmatic  lenses,  and  they  came  back  and  told  the  aston- 
ished and  delighted  oculist  about  it.  Mitchell,  not  an  oculist,  heard 
the  story  from  Thomson,  and  he  told  the  profession  about  a  little 
of  it.  The  profession  would  not  listen  and  utterly  ignored  it.  For 
BeveraJ  hundred  years  the  official  pmfesHton  would  not  even  have 
anything  to  do  with  the  spectacles  which  the  non-professional 
invented.  It  allowed  Franklin  to  invent  the  bifocal  lens  and  failed 
to  adopt  it  for  a  hundred  years.  There  are  to-day  neurologists, 
.diagnosticians,  and  physicians  of  international  renown  who  wholly 
deny  that  eye-strain  cau^e.9  systemic  reflex  diseti^&t  of  any  kind. 
In  1904  a  special  meeting  of  the  New  York  Academy  of  Medicine 
was  held  in  which  great  neurologists  and  ophthal  mologiatfl  vied 
with  each  other  in  ridiciding  the  absurdity.  It  is  no  wonder  there- 
fore if  the  stone  which  the  medical  builders  refused  should  become 
the  corner-rtono  of  the  temple  of  tlie  opticians.  Thcao  pontlcmon 
naturally  think  they  have  a  right  to  practice  the  art  and  science 
of  refraction.  Those  who  scorn  the  new  ophthalmology  would  in 
fact  reduce  the  rcfroctioniat  to  an  optician.  It  ia  a  costly  blunder 
which  the  profession  will  resent  and  unlearn.     Because  refraction 
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is  medical  art  aod  science  ia  the  Htrictest  acase  of  the  term,  ono 
undeed  re(]uinng  the  highest  intellectual  qu&litiea  and  hence  th«ir 
elaim  cau  never  be  al  lowed ;  the  profoesion  must  therefore  now  wage  a 
hundred  year  war  which  it  might  have  prevented  against  &n  enemy 
which  it  might  have  made  s  friend  and  ally. 

What  are  the  relations  of  the  new  and  old  ophthalmology?  They 
ure  nioet  intimate  sociologieaily  and  clinically.  In  a  word,  the  scien- 
tific correction  of  ametropia  prevent*  almost  all  in6ainmatory 
and  surreal  diseaaes  of  the  eyes,  —  I  should  say  about  nine  tenthg 
of  them.  It  will  not,  of  course,  prevent  t-he  few  ocular  rcsulta  otm 
8yEt«mlc  dtacose/  euch  ni!  alhuminuric  and  diabetic  retinitis,  nptie 
neuritia,  toxic  amblyopias,  etc.,  but  such  things  are  uncommon, 
and  not  seldom  the  systemic  trouble  had  its  individual  grouad-  fl 
ing  ID  morbid  ocular  fun<;tioii.  The  greater  proportion  of  ocular 
disesAee  are  those  of  the  extrinsic  mu8cl(>s;  inllam  mat  inns  of  the 
lida,  conjunctiva,  corneA,  and  iris;  glaucoma;  high  and  mcreoslng 
myopia;  and  cataract. 

Afi  to  the  external  muscles,  there  ia  now  an  almost  exeeptionless 
agreement  that  heterophoria  is  due  to  uncorrected  or  miscorrected 
r<>fractlon  annmalies.  and  that  the  pltingc  ma<le  into  tenotomies, 
graduate,  undergraduate,  or  postgraduate,  was  into  a  blind  alley  of 
error  and  wtuitc  which  haa  done  irreparable  harm  to  true  ophthal- 
mology by  making  the  profc^ional  and  lay  world  suapiciou?  and 
even  contemptuous.  The  heterophoric  trouble  is  innervatiooal  io 
nature  and  refractional  iu  origin. 

Ab  to  strabismus,  the  same  truth  is  at  last  becoming  manifest 
and  admitted.  A  recent  English  book,  Browne  and  Ste^'cnsoa, 
on  the  Squint  oj  Children,  is  &  striking  proof.  Get  glasses  on  the 
child  early  enough  and  there  will  be  no  squint.  Even  when  Ibe 
fatal  delay  has  been  negligently  permitted,  the  operation  doe«  not 
do  away  with  the  necessity  for  the  spectacles,  and  there  are  some 
of  U8  ■' cxtremiflts "  who  contend  tliat  the  operation  is  of  little  or 
no  good  even  at  the  late  date. 

With  the  exception  of  relatively  few  cases,  due  to  trauma,  in- 
fections, mhlnutritlon,  etc.,  blepharites, conjunctivites,  and  keratites, 
are  of  eye-strain  origin.  \Mien  one  sees  a  few  thousand  ca^cs  of 
spontaneous  recovery  after  the  patienta  get  proper  glasses,  the  truth 
needs  no  further  mention. 

Afl  to  iritis  and  glaucoma,  did  any  skilled  refractionist  ever  see 
these  diseases  appear  in  eyes  which  for  years  previously  had  b«en 
outfitted  with  right  correcting  lenses?  It  may  be  that  such  cams 
oecur,  but  obaervation  ehaviB  that  the  eye  which  is  morbidieed  by 
eye-strain  has  such  low  resisting  power  that  only  a  sli^t  inciting 
cause  is  needed  to  develop  the  otherwise  powerless  hint. 

Concerning  retinal  and  choroidal  diseaaies  it  is  also  a  truism  that 
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Ibey  are  usually  caused  by  the  ciliary  strain  of  uncorrected  ame- 
tropia. The  "woolly,"  bypereouc.  and  suffering  retinaa,  the  "pepper- 
ftnd<«alt,"  unhealthy  maculas,  the  abnormul  pigmuatiittoius,  noted 
ophthatmo8copi«ally  an  the  result  of  long-ooatiDued  eye-strain,  are 
sugKeetivc  and  characteristic. 

There  is  on«  refmrtion  iLDomnly,  high  or  malignant  myopia, 
vhich  is  the  direct  consequence  of  disease  of  the  eyeball.  Does 
any  one  now  tloubt  that  this,  the  stretching  or  stretched  eyeball, 
is  the  result  of  ametropia?  If  so,  he  should  go  to  Germany  to  live. 
And  why  does  tho  lens  so  often  grow  opaque  ia  the  old?  Why,  it 
would  be  better  asked,  does  it  grow  opaque  toward  the  end  of  pres- 
byopic failure?  The  suggestion  comes  that  it  la  at  least  pnrtly 
because  of  tbe  denutritive  conditions  set  up  by  the  sovore  strain  of 
presbyopic  added  to  thut  of  prcexistinK  ametropia.  This  theory 
derives  clinical  BUpport  from  the  fact  that  cataract  does  not  arise 
when  the  eye  ha.s  been  kept  in  an  optically  correct,  healthy,  and 
physiologic  condition  for  twenty  yoare  before  the  cataract  aRe. 

And  ihufi  the  good  American  motto,  e  pluHbus  itnum,  applies 
to  ophthalmolog}'  as  well  as  to  statesmanship.  In  theso  many 
disessee  of  the  eye  there  ia  often  at  5ast  but  one  disease.  Tfiere  was 
plainly  an  ovcr-liaaty  recourse  to  surgery  when  the  surgical  disease 
could  have  been  prevented.  As  has  been  well  said,  an  ancient  hunger 
for  the  miraculous  ha«  come  down  to  our  times  and  to  our  medical 
science,  and  operation  i:i  the  modern  medical  mirncle.  At  last  wo 
have  begun  to  see  that  prevention  is  better  than  cure,  and  the  oph- 
thalmic  aurgcon  is  becoming  the  refractionist.  In  the  same  way 
the  ophthalmic  therapeutist  is  dUappcaring  to  return  immoliatcly 
as  the  preventer  of  disease,  the  keeper  of  good  eyes  good.  Thera- 
peutics is  fast  merging  itself  into  prophylaxis,  and  the  practitioner 
of  medicine  la  hecominp  the  hygieni.'jt.  It  Is  a  sort  of  bon«volent 
snicide  of  tho  old  ophthalmologist  for  the  benefit  of  his  h^r,  the 
vdl-insurcd  new  young  mnti.  It  is  fortunate  that  the  new  and  th<; 
old  science  are  in  reality  carried  on  in  .\mericn  by  tJie  stame  prac- 
titioners so  that  no  rivalry  or  ill-will  can  take  place.  For  a  time,  to 
be  sure,  tbo  dual  ophthalmnlof^t  may  privately  discuss  witli  his 
eoUBoience  the  question  as  to  whether  he  will  undertake  to  prevent 
the  strabismus  of  the  little  one,  and  the  cataract  of  tho  presbyope. 
or  operate  later,  etc.,  but  in  this  and  many  other  aimiliir  instances 
I  do  not  contend  that  the  old  ophthnlmologiat  is  Mr.  Hyde,  although 
I  am  sure  that  the  new  one  is  Dr.  Jekyll. 

The  unity  of  the  organism  and  the  interdependence  of  all  func- 
tions is  the  dominnting  and  molding  tntlh  of  medicino,  the  monism 
of  physiology,  the  evolution-principle  of  medical  science  and  prac- 
tice. No  organ  \i\es  to  itself  alone;  there  is  no  function  that 
does  DOt  influence  every  otlior.    This  is  the  truth  which  diMtllowiH 
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a  narrow  KpeciuUem,  prcveDte  tbe  cxuggcrater  from  becoming  an 
extremist,  and  forbids  the  extremist  from  becoming  a  hobby-rider. 
Id  obedience  to  it,  the  spcciu.lii!t  muitt  aln'Ay^  be  on  the  sharp  look- 
out for  all  the  linCM  of  cuutn:  and  effect  which  may  subtly  run  back 
and  forth,  cither  way,  between  the  dineases  of  bis  chosen  field  of 
sludy  and  that  of  all  the  other  gpeciBlists.  We  are.  in  truth,  nil  of 
U2  epeciikUst«  nowadays,  the  general  pliyslcian  fully  as  much  so  as 
any  other.  While  knowing  profoundly  one  specialty,  as  wiUy-oiUy 
we  now  must  do,  it  is  our  common  duty  to  maintain  a  keen  out- 
look over  the  work  of  others  and  preeen-e  a  large  sanity  of  mind, 
and  a  genuine  sympathy  of  feeling  with  our  colaborers  in  all  other 
fieldii.  The  direction  1u  siieakent  at  this  meeting  Li  to  chouse  out 
and  emphaeiEe  the  relations  nmniiig  between  their  specialties  and 
those  of  others,  bct-w-<ien  one  science  and  the  other  Kciences,  We 
are  to  bind  into  unity,  or  preferably  discover  the  number  and 
□ature  of  the  existing  bonds  which  make  the  organism  one,  and  its 
parts  interdependent,  and  which  resolve  all  organiKtiu  into  a  uni- 
verse. 

The  rcIaUons  which  exist  betft'ccn  refraction  anomalies  and 
l^eneral  medicine  are  almost  solely  of  one  kind,  —  tbo[»e,  namely, 
in  which  the  ocular  condition  is  caugal.  There  arc  very  few  bodily 
conditions  or  disca^scs  that  influence  the  umelrapia.'  Large  changva 
in  general  body  weight,  I  have  demonstrated,  do  bo,  a  decided  ■ 
increase  of  fat  tending  to  lessen  the  anteropoBterior  diameter  trf  ( 
the  globes;  an  exleiudvc  dccrcawi  of  fat,  eon^-eraely,  lengthening 
the  eyeballs.  I  have  also  noticed  that  after  a  severe  illness  refrac- 
tion changes  will  probably  be  found.  Other  illustrations  may  be 
omitted. 

The  eye  and  car  have  extremely  few,  if  any  Independencies,  and 
they  are  i-clatively  unimportant.  And  yet  an  expert  might  write 
an  interesting  monograph  on  the  subject.  One  would  say  that  the 
dentist  njid  oculist  had  little  in  common,  imd  yet  I  have  had  more 
than  one  patient  who  had  violent  toothsehe  in  sound  teeth  when- 
ever he  read  or  wrote  five  minutes. 

The  speciali(!t  in  d!aeai<e3  of  the  upper  nir-pa«8agee  must  never 
forget  the  oculist.  It  is  a  eignificant  fact  that  eye-etrain  patients 
locale  their  headache  directly  in  or  behind  the  frontal  sinuses.  Wc 
list  them  as  frontal,  but  understand  thereby  that  the  foreliead  is 
the  location  of  the  pain.  For  many  yean  I  bad  noticed  that  thcro 
was  a  suspicious  relation  between  eye-strain  and  frontal-sinus  dis- 
ease, and  in  several  patients  I  had  definitely  traced  it.  Dr.  PhilUpa 
of  Buffalo  has  made  a  close  study  of  ten  such  cases  in  which  the 
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abus  discaeo  wae  cleaity  due  to  eye-etrain.'  Reflex  congestion  of 
the  upper  air-fMiMBgcs,  phAr>'ngitis,  laryngitis,  aphonia,  common 
colds,  and  influensft,  ooay  bo,  and  mure  frequently  ttiaji  supposed, 
due  to  c-ye-etrain. 

In  ^tieral  surgery  tiotliing.  a  short  time  ago,  would  have  (teemed 
more  absurd  tbau  to  say  that  eye~8traJti  could  at  least  prevent  sur* 
^al  disvusc  and  opvratioDS.  Vet  Dr.  Kobort  T,  Morris  of  Xvw  York,* 
whose  chara<:ter  and  profexsional  atauding  need  no  setting  forth, 
writes  as  follows: 

"  A  very  luge  group  of  caacs  of  intestinal  fermentation  is  depend- 
ent upon  oye-slrain.  These  caaes  are  perhaps  quite  as  oft«Q  ovoi^ 
kioked  as  any  others,  but  as  soon  as  we  have  nil  become  familiar 
with  the  external  signs  of  eyo-elmin,  fewer  ctuscs  ^riJl  get  to  the  sur- 
geon with  the  diagnosia  of  abdominal  disorder.  The  onc5  that  I 
nee  are  sent  to  the  office  most  often  with  the  request  to  have  the 
•ppendix  examioed,  because  the  dit<teii&ioa  of  the  cecum  is  apt  to 
cause  more  pain  tlmo  distention  of  other  purtg  of  the  bowpj  and 
Bltenlion  in  utiracled  to  this  reginn.  If  there  are  external  evidences 
of  eye-strain,  tliese  cases  are  referred  to  the  ophthalmologist,  along 
with  my  caJKS  of  ncrvou:)  'dyspep»tu'  imd  'gastric  neurulgia,'  and 
eoDie  of  tbe  most  brilliant  resultf  that  I  have  uUservod  in  any 
kind  of  medical  practice  have  come  out  of  the  treatment  that  vtaa 
instituted." 

If  an  ocuUbI  liad  £ir»t  nmde  such  a  slatetiient,  (he  griu  of  dcnsion 
n-ouJd  have  extended  across  the  face  of  the  Continent.  Bccuuae 
the  general  surgeou  thus  annually  turns  away  from  his  office  thou- 
sands of  dollare'  worth  of  operations,  it  derives  at  least  the  merit 
of  un»clfi;jlmesK. 

There  is  no  truth  in  mecUcine  more  certain  and  demonstrable, 
although  the  gastrologist  has  not  hoard  of  it,  tbiui  that  eye-straiti 
produrc:^  anorexia,  dcnutritiun,  intestinal  fermentation,  con- 
stipation, and  many  disorders  of  the  digestive  organs,  including, 
especially,  the  liver,  although  in  no  book  on  stomachal  and  intes- 
tinal diseoees  is  the  subject  inentianed.  If  so,  it  is,  of  comw,  ad- 
mitted that  the  eurgic&l  diseases  secondary  to  such  disordcre  may 
be  ovular  in  remote  origin,  and  the  warning  may  not  in  future  be 
safejy  unobeerved  by  the  appendicitis  specialist,  the  gaetrolo^st, 
the  gynccologiiit ,  etc.  Within  a  year  a  famous  medical  journal 
has  editorially  stated  that  all  obscure  gastrie  sj-mplotns  demand 
the  excision  of  the  gastric  ulcer.   That  is,  surely,  surgery  gone  mad. 

In  orthopedic  surgerj'  a  new  causal  relaiion  ha*  most  recently 
been  discovered  between  cye-«train  and  spinal  curvature.  Sco- 
liosis begins  io  childhood  and  adolescence,  as  spinal  curvature, 


'  Ammran  M'tiinne.  1904. 

■  Malual  B*%irrJ,  I^ccciubvr  26,  1903. 
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and  iQ  thousands  of  patients  the  spinnJ  dbesse  is  unsuspected 
by  (.'hild.pftKDt, and  doctor.  Within  ft  few  montlisl  hAve  discovered 
lliirty  or  forty  cases  of  tilted  heads,  uiobi  of  whJcb  caused  or  miglit 
cause  secondary-  or  compensatory  scotiusiB,  and  all  due  to  an  axis  of 
astigindtism  (about  15°  urisymmetric,  and  to  one  side  of  90°  or  180°. 
in  the  doniinaiit ,  that  is  the  dextral  eye  in  the  dextrotnaDual) 
whicli  compelled  un  habitual  lutc-rul  inclinution  of  thchcad  ia  order 
to  see  plainly.  And  the  compensatory  curvature  of  the  spino  in- 
duces A  score  of  other  systemic  diseasce.  Wc  formerly  alloTed  our 
patients  to  tilt  Ihu  hcud  while  mukiiiK  the  rcfraclion  te«ts,  and 
so  nussed  locating  the  astigmatic  axis  oorreclly>  Dy  keeping  the 
head  vertical  during  the  testing  we  now  apply  glasses  thai  keep  it 
straight  afterwards,  aud  when  the  t^pinal  curve  is  slill  functional 
we  likewise  strnightvn  it  by  glasses  alono. 

No  pediatrist  henceforth  nmy  forget  the  eyes  in  all  of  hit:  patienta 
over  eighteen  months  old.  The  chances  are  high  ihat,  without  other 
definite  and  easily  ascertained  ciiu»c  exists,  eye-struio  is  the  source 
of  misehittf  in  the  cliild  which  .■iuffere  from  night-terrors,  breakfast 
anorexia,  tics,  chorea,  nervoueness,  disorders  of  digestion  and  nu- 
Iritioii,  irritability,  headache,  etc.  I  have  instantly  cured  nocturnal 
cimreeie  in  Euch  cliildren  by  spectacles  alone.  Alert-minded  peda- 
gogists  are  fast  becomitig  aware  of  the  tremeodoiis  r6lc  of  cye-etrain 
in  tlie  health  and  succees  of  their  pupils.  As  every  year  of  mltool- 
life  passes,  the  proportion  of  diseaeed  pupils  increases,  until  in  the 
upper  gruilett  it  may  rifsc  to  60,  and  even  HO,  per  cent;  it  ia  40  per 
cent,  on  the  average,  in  Columbus,  Ohio.  .And  the  diseaaes  are 
precisely  those  which  every  capable  ocuhst  knows  are  often  due 
to  eye-strain.  The  rule  is  ho  certain  llmt  discerning  teachers  know 
that  those  pupils  who  are  one,  two,  or  three  years  behind  tbeir 
elasses,  haw  severe  eye-etnain,  and  without  further  inquiry  they 
are  sent  to  the  oculist.  There  is  hardly  a  page  of  that  magnificent 
book  un  AdoliK^nce  by  Dr.  G.  Stanley  Hall,  that  docs  not  need 
rewriting  with  this  new  knowledge  —  unfortunately  and  Rtrangely 
ignored  —  in  the  mind  of  the  writer.  Its  splendid  power  and  truth- 
fulness could  have  been  doubled  had  its  gifted  author  looked  intu 
the  vast  existing  literature,  written  by  capable  and  scientific  minds, 
confirmatory  of  the  r61o  of  eye-strain  in  school-life. 

In  neurology  there  ia  almost  no  limit  to  what  the  refractioniKt 
may  justly  claim.  And  posterity  will  allow  it,  although  the  neuro- 
logist of  to-day  may  often  be  unconscious  aud  contemptuous  of 
the  truth.  Neura-sthenia  and  hysteria  he  clalnw  as  his  exclusive 
pogeesslcMi.     Private  sanitariums  or  reat-cure  eetabliahments  may 
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'  An  exc*Il«nt  rule  o(  ophthalmic  office-prortiec:  te  lliat  when  we  fail  to  cum 
«^0-«train  rcwiilt*  !>}*  oiir  ^Iamm,  it  in  pc'rlmm  liecauae  wp  liave  aJloWDd  the  Imul- 
dlten  to  liold  their  Ikeads  a»  they  |>1c&mk1  uurliig  ttm  t«0tii. 
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be  of  limited  and  infrequent  scnico  for  chronic  patients  vrhose 
%ilalily  and  resisting  powers  have  been  worn  to  a  thread  by  a  half- 
life  of  torture  for  which  no  therapoutica  availed.  But  even  the 
ordered  rest-cure  could  often  be  avoided  by  correction  of  eye-slrnia, 
aod  ill  perhaps  75  per  ceut  of  coaes  the  neurasllienic  break-downa 
and  cliroQtc  hystcriug  could  have  been  prevented  by  attention  to 
the  matter  in  adolescence.  Not  infrequently  it  is  plain  that  the 
noting  is  curative  because  the  eyes  are  rested.  With  reading  and 
writing  interJicted  there-  are  uftun  astonishing  eurca:  with  resump- 
tion of  reading  and  n*ntinR,  relapses  and  returns  to  the  sanitarium 
are  required. 

Everj-  sensation  and  its  every  correlated  motitm  U  an  example 
of  rcRex  action,  and  yet  there  are  those  who  turily  scoBE  at  the  ^-ery 
possibility  of  reflex  ncuniges  and  other  diseaeea  due  to  reflex 
action.  There  are  those  who  speak  ftconifully  of  m)-8licism  and 
mystery  in  medicine,  while  satiaficd  with  a  practice  whicli  reduces 
it«elf  to  diagnosis  and  naming  unknown  mysteries  as  migraine, 
neurasthenia,  hyeteria,  pnychoaiH,  etc. 

Psychiatry  seems  to  have  reached  the  goal  of  its  ambition,  — 
theoretic  claamOtation.  nomenclature  gone  mad,  and  therapeutic 
nihilism.  Diitgnoeing  and  nanung  a  morbid  mental  condition 
OS  "a  katatonic  .state,"  "major  psychosis,"  "melancholia  of  invo- 
lution," "psyctdcal  tonus  or  contracture,"  "dementia  precox," 
"formt  [ru»le,"  "manic  depreaaw  insanity,"  "confusionol  psych- 
QOB,"  "psychonGurosis,"  "pseudoneurasthenia,"  "  mysophoWa," 
"topotlgja."  "neurftstbenieal  ajTsdrome,"  etc., — all  of  which  terms 
are  culled  from  one  short  article,  — seem  U>  end  in  the  air  so  for 
as  bettering  conditions. 

Who  has  examined  the  refraction  of  the  insane?  What  patient 
with  extreme  eye-strain  or  migraine  has  not  feared  insanity?  The 
auiest  of  men,  Parkman.  was  pronounced  insane,  and  so  was  Wagner 
and  others,  by  great  authorities,  at  the  climax  of  their  sufferings. 
Was  not  Nietische's  "atypical  paralysis"  intimately  connected 
with  his  most  evident  eye-strnin?  A  competent  oculist  6od«  the 
majority  of  the  young  criminals  of  the  Elmira  Reformatory  afBicted 
with  so  high  a  degree  of  ametropia  as  to  make  study,  reading,  and 
writing,  and  ordinary  handicrafts,  impossible.  What  else  could 
many  of  the  poor  boys  do  but  play  truant  and  steal?  The  Btatislics 
showing  the  relation  of  crime  to  truancy  indicate  that  some  of 
both  may  be  due  to  bad  eyes.  In  232  cases  of  suicide,  187  were  due 
to  ill-health.  About  50  per  cent  of  chronic  epileptics  have  unsym- 
aetric  astigmatiem  and  anisometropia, — a  surprising  ratio  of  a 
defect  especially  prone  to  upset  the  cerebral  health  and  balance. 
And  the  peculiarity  of  the  diseases  of  eye-strain  is  their  tendency 
to  produce  psychic  and  emotional  disorder,  despair,  moloncholy,  etc. 
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There  ia  scarcely  any  disease  which  the  general  phyKciaa  or 
intemist  its  cnlled  upon  to  treat  that  iiifty  not  be,  ud^  thai  frequently 
ifi  not,  due  to  or  influenced  by  eyc-etrain.    Tlie  commonest  jy  desig- 
nated by  that  silly  and  meaninglees  word,  migraine.    The  tcrmhita 
little  ornn  itiginficance nowadays.  It  is  in  itwl  the  vulgarization  of 
a  misnaming  and  me&nmglese  deaguatioQ  of   a  malobscrved  and 
trivial  liymptom,  which  in  the  majority  of  caaca  is  not  present,  of  a 
widely  prevalent  and  iQgrave»cent  di.'*ea»<e,  with  indescribable  aymp- 
toms,  wliich  may,  in  extreme  cnses,  wreck  life  and  morbidiice  the 
mind,  the  etiology-  and  pathology  of  which  arc  unknouii,  the  location 
or  organs  affected  bdng  also  unknown,  and  of  which  no  treatment 
avails.    It  is  made  to  cover  the  conditioiiB  indiscriminatingly  called 
Bcotoma  scintitlane,  headache,  mck  headache,  gostnc  and  iiitestina] 
diaordcra,  insomnia,  molancholy,  etc.;    in  a  few  sevoro  casvs  such 
patients  have  all  of  the  symptoms.    One  symptom,  depmatosis,  the 
Freuch  phyacians  learned  long  ago.ia  not  recogriixed  by  modern  der- 
niuioloji^sti!.     Severe  skin-diaordcra  are  not  infrequently  an  indirect 
result  of  eye-strain.  Migraine  io  almost  always  due  to  eye-«train,  and, 
except  in  the  rareat  wom*out  chrooic  caaes,  it  is  almoet  immedi- 
ately curuhle  by  extinguiiihing  oye-strain.    It  is  the  commonest  of  all 
affections,  the  great  manurer  of  the  ground  for  other  and  terminal 
diseases,  the  supporter  of  quacks  aiid  patent  medicine  syndicates. 
At  lejist  10  per  cent  of  Americans  suffer  from  it,  under  one  aUas  or 
another,  recognized  or  imrccogniied.    The  larger  number  of  these, 
taught  by  sad  experience,  have  given  up  the  hope  of  cure,  and  they 
are  neighbors  of  the  person  who  says  migraine  has  no  relation  to 
cye-etrain,  and  who  does  not  knowthat  thousands  arc  now  being  cured 
by  two  little  piece.s  of  glass.    Eye-«traJn  effects  have  a  |>eculiar  icnd- 
eucy  to  periodicities  and  waves  of  better  and  wor«e.     The  nervoiia 
centrea  can  endure  for  &  time  the  burdens  and  irritations  laid  upon 
them, hut  at  lost  give  way.  This  ia  so  of  mental  atateaund  diseases, 
and  the  eye,  as  psychologists  know,  Is  the  chief  creator  of  intellect. 
Hence  those  diseases  or  symptoms,  when  not  dependent  upon  organic 
di^ase.  like  headache,  sick  headache,  fiekle  appetite,  the  paroxysmal 
neuroses,    cardiac    palpitation    or  irregularity,    chorda,    cpilci>sy, 
neuralgias,  insomnia,  colds,  etc. ,  which  exhibit  such  waves  and  troths 
of  exacerbation  and  depression,  may  be  due  to  ocular  irritation. 

A  key  to  many  mysteries  of  disease  might  be  foTind  in  a  careful 
clasdfication  of  such  as  have  increased  vi-ith  civilization  as  com- 
pared with  those  conditions  outside  which  have  been  changed  during 
the  progress  of  civitisntion.  Among  these  changed cooditioasnoaecaa 
be  more  noteworthy  than  the  new  kind  of  labor,  and  the  trenumdoiu 
addition  of  the  amount  of  it,  thrown  upon  the  eye  by  the  printing- 
prose,  schools,  sewing,  clerical,  and  urban  life.  Ho  other  organ  has 
been  subjected  to  such  a  change  of  work  and  stimulus,  and  in  all 
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other  functions  the  same  kind  of  work  is  now  deinan<i«d  an  be- 
fore. The  eye,  however,  was  brmight  into  function  to  use  in  distant 
\-iaion,  and  if  for  near,  for  but  fta  Juslam.  Osier  says  thai  dytspep- 
d&  is  the  besetting  malady  of  this  country,  duo  to  improper  diet, 
etc.,  althoujch  modem  food  is  many  times  more  certain  in  amount 
and  good  in  quality  than  ever  before.  It  is  certain  that  aloiniMih- 
•I  and  nutrilional  diseases  eccm  to  h&vo  rcoently  increased  inor- 
dinately. Wiat  is  the  cau.s(;  of  this  eontradielion?  One,  surely,  ia 
eye-etroin,  wliich  ia  extremely  prone  to  upset  the  digestive  fuuction. 
See  several  thousand  cnses  of  nausea,  "dyxpepsia,"  loss  of  appe* 
lite,  constipation,  etc.,  relieved  at  once  by  glaaaeB,*  see  the  disease 
return  at  once  when  the  glaases  are  broken,  a  lens  revoreod  in 
a  frame,  or  when  the  refrftctioo  changes,  and  one  recognises  the 
fact  of  the  interrelation. 

Allied  to  this  claes  of  casea  are  those  in  which  the  keen  ophtbal- 
tnologiat  detects  more  than  hints  that  renal  affections,  hepatic  onea 
•urely,  iududitig  ^alUbladder  diseases,  may  possibly  be  set  up  or 
aggravated  by  severe  r«Qcxcs  from  tho  eyes  to  tbo  socretor)'  and 
eliminative  organs.  Some  day  it  n-ill  he  e»tah]i»hecl  that  eye-strain  ia 
a  large  factor  in  the  production  of  disoases  of  the  kidney. 

One  of  the  more  subtle  but  still  easily  rcuoKniiable  methods  in 
which  eye-strain  works  peniiciously  is  by  a  slow  and  general  denutri- 
tion  and  redwetiou  of  mental  and  pliysieal  vitality  whereby  tho 
resisting  powera  of  Hit;  ey^item  are  reduced  to  sudi  a  degree  that  it 
becomes  tho  ea*y  prey  of  infections  and  of  general  and  terminal 
diseases.  This  makes  eye-strain  a  factor  in  the  tuberi'iilosi-i  and 
pneumonia  crusade.  The  life-study  of  putients  and  their  diseases  — 
the  bic^niphic  clinic  — will  make  such  a  connection  more  often  mani- 
fest. The  sad  story  of  the  life  of  John  .^ddington  Symonds  is  in  this 
way  suggestive. 

The  age-long  superetitioo,  whereby  almost  all  the  diseases  of 
women  were  Irared  to  the  sexual  organs  and  functions,'  is  fust  giwig 
«-ay  to  a  new  view  more  in  coireapondence  with  facts.  That  puberty 
aud  menetruution  should  intiugurute  a  host  of  terrible  evils,  and  tba 
nienopauso  another  legion,  is  at  the  least  contradictory.  The 
proper  name  for  the  cause  of  many  supposed  disorders  of  meno- 
phania  and  puberty  is  study  with  astigmatic  eyes:  that  forsupposed 
menopausal  woea,  is  presbyopia.  In  a  lari^e  number  of  instances 
d^uA/iut  may  replace  {nrripa  aa  the  organ  primarily  at  fault.  The 
oculist  and  gynecologist  should  be  good  friends.  The  connection 
between  eye  and  eexualiam  is  known  of  old,  and  is  a  deep  and  pro- 
found one.  Lnvc  of  any  and  all  kinds  dilates  the  pupil,  the  dONgoa- 
tioD  of  the  grand  sympathetic  system  itself  arising  from  tho  fact. 

'  A  Md  frror  t!iat  miicfi  niara  the  Iiirgtr  itaiiit.v  and  Irascns  tlie  boni'Gts  of  Dr. 
0.  Stanley  Hxll's  gn>nt  book. 
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A  certain  profound  relation  of  viaon  and  aexuaJism  will  some  time 
be  established  which  as  yet  ie  unsuspected. 

Justly  raolivcd,  tlicr«fore  la  the  question:  why  has  this  great  truth 
been  so  long  ignored,  and  why  now  do  bo  many  reject  it?  Some  of  tlie 
answers  ore  these: 

1.  T)ic  progress  of  science  has  not  yet  reached  the  stage  that  will 
enable  certain  minds  to  see  its  truth. 

2.  The  conditions  of  life  and  profesaonal  evolution  havo  naado 
surgery  of  supreme  importance. 

3.  Orgnnic  diseases  had  first  to  be  studied. 

4.  The  laws  and  status  of  infoctioua  diseases  had  first  to  be  made 
definite. 

5.  A  mere  habit  of  neglecting  the  eye  nad  its  alt-importnnt  func- 
tion and  diseases  has  with  some  grown  into  a  blind  dogmatism. 

6.  Tho  theory  of  optica  and  the  elaboration  of  miit hematic  formu- 
las satisfied  too  many  minds,  and  there  was  no  proceeding  to  the 
practical  application  in  clinical  work. 

7.  Specialists  in  mcdictno,  other  than  ophthalmologists,  ha\'e 
o^'erstatcd  the  effects  of  the  diseases  of  special  orf^ans. 

8.  The  ophthalmic  tenotoniist  has  made  unwarranted  claims,  and 
so  made  thu  profession  biitid  iind  dual  to  the  warranted  cluims  of 
the  refractionist. 

0.  The  commcroial  medical  journal  plays  to  the  gsllories  aud 
(Ialt«r3  tlic  prejudices  of  its  readers. 

10.  Patent  medicine  venders,  drug-sellers,  and  quackery  n-ithin 
the  profession  carry  on  the  irrational  tendency. 

11.  SufCeritig  and  pain  are  positive,  relief  and  cure  negative.  The 
patient  therefore  ia  prone  to  forget  the  former  mifiory,  nor  does  the 
physician  rccofcnizu  the  cause  of  the  cure  by  ^asecs,  which  is  ascribed 
to  fate,  gaie  riperculie,  the  doctor,  hia  drugs,  etc. 

12.  The  method  of  eliciting  symptoms  and  of  clinical  notc-takiug 
is  so  faulty  tliat  the  very  existence  of  thocliief  syniptonusof  eye-strain 
IB  not  rccogniMd.  Tlie  patient  thinks  the  vomiting,  the  abdominal 
symptoms,  migraine,  headache,  dyspepsia,  insomnia,  loBS  of  energy, 
etc.,  have  no  possible  connection  with  the  eyea,  docs  not  allude  to 
thorn,  and  they  arc  thus  wholly  ignored.  Thousands  of  such  cases 
have  been  cured  by  glasses  and  the  faet  unsu-Hpeeted  by  either 
phy^cian  or  patient. 

13.  The  desire  for  consultation  practice,  referred  coses,  professor- 
ships, hospital  positions,  and  "success"  make  the  ounning  silent,  or 
conservative.  "Faddism"and  "hobby-riding"  charged  to  a  budding 
reputation  are  ruinous. 

14.  Poor  refraction  work  or  the  part  of  oculists  ia  the  greatest 
cause  of  skepticism.  Those  who  do  accurate  refraction  know  per- 
fectly well  that,  broadly  speaking,  the  ophthalmolo^sts  of  the 
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world  ha-ve  done  their  rrfraction  work  badly.  The  lojpca!  and  patho- 
logical comliisions  of  the  labors  nf  Donclers,  HeinihoItE,  and  others 
hftve  becD  pncticully  rando  only  by  some  American,  siid  ono  or  two 
E)uropean,  rcfractionisU.  "I  aent  my  patient  to  th«  oculiiit  and 
glawes  liad  no  effect  on  the  disease,"  means  utterly  notliing,  ''In  not 
my  oculiit  ft  m»n  of  the  hi^iert  renown  and  fthility?"  may  mean  aa 
little.  Docs  tliis  mnn  of  renown  and  ability  teach,  and  in  the  persons 
of  his  patients  demonstrate,  that  so-citlted  "migraine,"  headache, 
tick  b^dache,  dygpepwa,  spinal  curvature,  insomnia,  neurasf-henia, 
wemis,  the  blues,  and  the  rest  of  the  list,  are  often,  very  often,  due 
to  eye-strain?  Bi;lii?f  in  the  truth  is  n  pr(;n-t|uisito  of  ability  to  cure; 
and  it  ifl  absolutely  efuv-ntial  to  a  rigid  attention  to  at  least  "78 
Ruons  why  gla-tses  fail  to  give  relief."  From  50  to  75  per  cent  of 
gtaawe  prescribed  in  the  world  are  inaccurate  and  cannot  relieve 
eye-fltrain.  Then  it  is  also  true  that  fully  75  percent  of  the  adjusting 
of  opticians  is  so  bad  that  any  possible  therapeutic  result  is  not 
obtairwd.  To  beentirt-ly  frank,  one  should  add  anarguioent  which  m, 
indftcd,  a  two-edged  snord,  but  which  needs  occasional  use  to  koep 
it  fn>m  rusting.  It  is  this  :  'niose  who  deny  that  migraine  luid  the 
maoy  other  diseosea  mentioBcd  may  be  due  to  eye-etrain  have  not 
of  course  cured  »uc.h  paticntK  in  their  on'n  private  practice.  That  ia 
a  self-judgment  which  is  most  severe.  Those  on  the  other  hand  who 
claim  that  such  diseueee  are  curable  by  ametropic  correction,  unless 
utterly  unprofei).tional ,  must  have  cured  such  patients.  If  they  do  not 
cure  they  would  surely  be  soon  found  out  and  their  reputations  and 
practices  ruined.  They  seem  to  prosper  I  I  heard  one  astute  oculist 
say  that  if  this  absurd  skeptioism  continued  a  few  years  longer  hia 
fortune  would  be  made.  He  is  ver>-  "successful"  and  is  conducting 
bis  work  in  an  honorable  manner.  The  enthusiasm  and  gratitude  of 
&  patient  permanently  relieved  of  the  tragedy  of  "migraine"  op 
*'neurasthenia"are  irrepressible. 

\  coroUan'  is  that  refiactiou  is  not  taught ,  there  is  not  a.  single 
adequate  and  I horoughgolng  echoot  wherein  may  be  taught,  or 
wherein  there  is  any  outfitting,  or  attempt  to  teach,  lliia  most 
skilled,  moat  in^nitely  subtle  and  dif&cult  art  and  science.  Two 
years  at  least  of  study,  daily,  exclusive  study  and  practice, — after 
Ihegeneral  course  in  medicine, underex()ertteacher8,aiid  on  the  part 
of  the  best  type  of  student  minds,  is  a  too  short  period  to  introduce 
him  to  the  work,  and  legally  to  justify  liim  in  entering  on  such  upe- 
cialist  practice.  An  endower  and  maker  of  such  a  school  would  do 
the  world  a  far  greater  service  than  either  Cumcgie  or  Rockefeller 
have  dreamed  of  doing. 

Again  the  critic  may  justly  ask:  Have  none,  then,  recognized  and 
spoken  out  tliis  much  unrecognized  truth?  Oh,  yea,  many  and  good 
men  have  done  so.    There  is  a  vast  body  of  literature  produced  by 
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clinicinn»  of  th«  best  chann;ter  au<l  professional  standing,  and  it  Is 
anionisliiiigly  convincing  and  cogent.  It  is  unfortunately  scattered, 
and  hence  in  part,  ignored  by  too  many  phytiiciuns.  The  last  weighty 
ulteranceit  are  Dr.  Zimmerman'a  study,'  and,  especially  since  titey 
are  from  England,  the  excellent  papers  of  Dr.  Snell,*and  Dr.  Prongcr.* 
Hundreds  uf  othcra  mi(;ht  be  cited,  the  testimonies,  e.  g.,  of  such 
good  profPBsional  journals  ae  The  Cleveland  Medical  Journal,  The 
St.  Paul  Medical  Journal.  The  Lancet.  The  Pacifk  Medical  Journal. 
Amcrica-n  Medicine,  The  Marylaixd  Medical  Journal,  Colorado 
Medicine,  Science,  Mind,  The  Harvard  Graduates'  Maijusine,  Bulletin 
of  American  Academi/  of  Mfdieine,  Canadian  Journal  o]  Medicine  and 
Surgery.  Dublin  Medical  Journal,  Medical  Press  and  Circular, 
Bulleiin  of  Chicago  Health  DcpaHntcnt,  The.  Practilioncr.  The  Xation, 
Wisconsin  Medical  Recorder.  Qtmrierly  Medical  Journal.  Treatment, 
California  Medical  Journal,  Mtdical  Bulletin.  Medical  Couna'l.  Tht 
General  Practitioner,  etc. 

Of  individual  opinions  a  pa|^  of  nainM  eouM  be  eaftily  cited, 
of  men  with  good  profeesiona)  reputatiouB  acquired  nnd  to  be  pre- 
served, KUch  a«,  for  Instance,  Dm.  Jack.-<(in  and  Uates  ot  I>cn\'er, 
Edea  of  Boston,  Southard  of  San  Francisco,  Hurd,  Reik,  Welch, 
Murdock,  and  Halsted  nf  Baltimore,  Senn,  Walker  (J.  W.),  and 
Westt'olt.  of  Cbicago,  Qaker  and  Slierman  of  Cleveland.  Clieiicy  of 
Boston,  Alleman  and  Prout  of  Brooklyn.  Carmalt  and  Swain  of 
New  Haven,  Cogpn  of  t^ilcm,  Muss.,  Bennett,  Starr.  Pohlmann, 
and  Phillips  of  Buffalo,  Rialey,  Pyle,  Thorington,  Hansetl,  Reber, 
Zimmerman,  Solis-Cohen  (S.),  Thomson,  Kenton,  Murphy.  Taleott 
Williama,  Hollopoter,  etc.,  of  Philadelphia,  CuJlKn,  Ranny.  Car^ 
hart,  etc.,  of  New  York,  Van  Duyn  and  Marlow  of  Syracuse,  Taylor 
of  Wilkes-Barre,  Wiirdemann  and  Black  of  Milwaukee,  llobcrts 
of  Pasadena,  Ellis  and  McBride  of  Loa  Angeles.  Hale  of  Nashville, 
Mataa  and  Souchon  of  New  Orleans,  and  cfipecially  the  dean  of 
American  ophthalmologics.  Dr.  Green  of  St.  Louis,  who  for  nearly 
fifty  years  has  been  refracting  p&ljents  and  observing  the  results. 
I  append  in  a  footnote'  extracts  from  a  personal  letter  written 
by  Dr.  Green,  because  of  ita  peculiar  appositeness. 

'  Hva  York  Medical  Journal.  Nov.  21,  38,  1003. 

•  The  Untfl. 

'  alight  Brrort  of  Sefraaion  and  Iheir  Infiumct  on  the  Nrrroux  Sffttem,  Harro- 
gat«:  K.  AckriU,  1003. 

'  Dbaii  I)r.  untri.t>;  I  hav«  reiid  yAiir  tira  vr>Ititnr«  of  fHoffrapkitt  CHnitt  nilh 
great  itit«rrst,  iind  linvr  gainrd  aiuch  iniitnictinn  from  thnro.  I  n-onrd  Ih^in  m»  * 
veiy  iiiLpoiloiit  coutrihution  to  n  just  apprcciutidii  of  ihc  distinguulird  men  iumI 
women  wltc&i-  li%-m  you  have  no  aympatlivlicBlly  studied. 

The  fact  llmt  ilic  coiumoniwt 'ocular  difi-cti  may  give  rlw  to  morbid  stateii 
mttsh  aa  you  hnvt  depicted  lias  imprtHscd  iWlf  upon  oplilliiilniic  nDfcJalista  IxfoR 
it  wo*  rrmgniiKd  and  tirscd  upon  the  rncdicnl  nrofcssion  in  the  clineical  may  ot 
Dr.  !j.  Wfiir  MitctMl),  .i4jnmnin  J»ttmal  o/  tht  ittdieni  ScUne^x,  April,  1S76.  Id 
the  ninn  iltiietrntivi'  ciuifA  rpportrd  in  thftt  paprr,  the  tr«in*  of  di*ti«M>ins  sad  dis- 
ttUing  k6cx  ■j'mptonu  cicnrly  [larallcl  thaw  luialyzcd  by  you  in  iite  fooiieco 
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But  as  optics  grow  into  physiologj-,  and  physiology  into  patholo^', 
so  must  our  pathology  merge  int«  biology.  How  Lt  eye-st  rain  reUt^d 
to  the  evolution  pnicess  of  living  things?    The  test  of  the  validity 

Bieyraphit  Cliitiem,  but  witb  thin  difference:  In  bis  coses  tha  dominnnl  pciolosical 
(krtnr  WM  diiiaoverpd  Iwfore  iTrep&rable  daJiiaff:  liad  bten.  dour,  nitd  ivliertoJ- 
lowed  the  timely  [)n«vriptioD  of  appropriate  glaowei  in  ttie  lives  wliicli  you  haxti 
■IbmaAfd,  rrll«r  cami-  uuly  in  iid\'an«'tl  agp,  wlieo  acconunoiltituiii  ci-asm  fram 
troubling. 

To  tne  the  central  and  very  sJKaificKnt  (act  b  that  thi?  protntct^d  Aiifl'i'ritiK*, 
olwfty*  alleviated  b3- net  from  oye-worii  «nfl  nlwaynn'ciimns;  with  the  reaii  nip  lion 
ot  ttudimu  ptimiita.  ns  portrayed  in  thi>  m^vr'nil  bi-nnrnpltii-*  from  wlilcli  yoti  huve 
CuUtd.  AIT  sueh  ns  tiplitlmlniic  pntctitionrni  rrmfpiizo  d.1  drpcndiMit,  in  nuiiiv 
pnraons.  on  common  i>culu.r  di.-feclB.  niid  as  preventable  or  curoblr  l>y  ppoperly 
airpct«d  optical  trruLment. 

li  caoDot  bo  loo  dtrongly  imprusH'd  on  all  intelligent  persons,  whether  phym* 
cians  or  irotkcn  in  other  fieldB.  thnt  the  dt'tnacda  made  upon  thp  eym  in  miKh'm 
Ufe  an  much  icreater  Ih&n  tlie  vi.iim!  iipiuirstits.  when  of  only  BVer«Ee  strucluru] 
perfection,  ran  meet  cHectiiely  a»d  naiviy.  Tlie  Iiwon  wliich  I  have  Icanied  Ircuu 
lorty  vrAiK  of  onntinuoiiii  ittuay  of  tlir  nnoniulirs  of  nivc>'inniiitUtion  and  refnc- 
tiim  la  pn«!*p|y  In  tlie  hue  of  your  tesfhitig.  namely,  thnt  no  degrm  of  anJMKne- 
tropta  or  of  BKtiginiitiain  ciui  !»  regiirded  ua  loo  sitJiUl  to  denionil  necutntc  eom-C- 
lioD  in  pi.-rKOTis  eoniprltcd  to  uiM'  thu  eyi-A  continiioiutly,  or  in  juiliotita  MufTrring 
(itIwT  from  so-rvllud  a«thenopic  tj^mptonw,  or  fmm  iieailiKhe  or  oll;cr  rrflcx 
ditordcia  induced  or  aggravated  by  eyt'Tfotk.  Neither  can  1  neixtrii  aiiy  tiiirtu>tiiv 
of  usent  to  llic-  notiou  that  a  short  term  of  nttcndancc  at  a.  poMtKradiiui>'  ncliotjl. 
<ir  any  period  of  nppreiitic^hip  in  mIIiilk  eyo^bmea  and  Fpectnclef.  ran  quali  <y 
an  uiiwluratj-d  or,  at  l>c«t.  a  cniddly  (educated  man  to  do  work  which  oUcn  tA\-«8 
my  owti  powcrn  to  tin-  utmoHt,  unci  in  which  I  find  that  the  oontinucd  cn/ljx' ration 
of  the  patient.  Ijy  returning  promptly  for  further  advice  when  nnvthing  ko""" 
wroDjj.und  hv  pFrmiuiiig  the  iieceMurypvriodlcaircvisiunof  hia  optica)  Fomctmn, 
i«  indiaprniiaole- 

It  b  Hurcly  not  an  extravagant  contention  that  eyes  wluch  do  not  perform  thdr 
function  perfectly  in  nil  rrspcctc  nnd  under  all  cooditiona,  or  wli<:>m:  uac  in  attended 
or  follown)  eitlirr  by  Irn-jd  ilistiirliiitiws  or  by  htadnchr,  naiwi-H,  iiwoninia,  orother 
nl!i-x  manifi^tiitiaiiw.  ouRht.  witlKiui  I'icoeption,  to  tx^  promptW  and  eriliraliy 
examined.  That  such  examination  will  vcrj*  often  bring  to  light  a  prfvioualy 
lUlKeogniavd  ocuhtr  defcrt,  mid  ho  point  the  way  (u  utKentTy  iioeJod  rrlief  through 
WMiinic  properly  chosen  and  properly  adjucted  «pwtacles.  needs  only  to  heiitatcd 
lo  rontiiuuid  nsacnt.  Tbe  kuiiwledgi'  that  rrlivf  froin  headache  may  come  throuuh 
wenrinn  ((lasses  is  liecoming  more  iind  inom  widely  dilTuaed;  but  comparatively 
frw  phyricijinE  luivc  learned  as  yet  to  recogniic  toe  protean  fomui  wliich  n^fli-i 
iliMirdcri  iifnciilur  origin  may  take  on.  or  to  eatlmatcat  iLi  Irin'  vriltic  i  lie  service 
whicli  a  wiw  and  eoiMci'-niious  ophlliahnic  sppdalist  may  U-  alili-  In  n'lidpr. 

Tho  investigation  and  trr^al.mf'nt  of  fiinirtio-nal  disordora  di'pi-tidcnl  on  Ktrue' 
tuml  imp*rfeetiom  of  the  viauai  orcaria  call  for  the  eitereist  of  llio  niiimtcst  c^re. 
and  <i(t*-n  of  nhno«t  infiiiiU-  laet  nno  patience.  That  thesn-  ■■»-<.'ii  ( in!  ■iiiulinfjilionn. 
are  iMimetinn*  ronipleiionsly  lacking  m  men  eminent  for  thfir  /lohii'venicntji  along 
pthcr  lin«  ix  also  true.  Cureless  or  perfunctory  refractive  work  by  lui  ophthalmic 
*peciuliet  will  yield  no  twtter  n'xulls  tbuii  Biiiiilarly  defective  work  done  by  pci^ 
wosot  inferior  scientific  attuiumi'ijbt  and  uf  vaatly  leiw  repiitiitiim.  Tlitr  intcUi- 
geot  aodjiauutaking  pioneer  wtirk  of  E?,ra  Dyer;  the  invpnTioD  snd  employment 
of  new  aids  to  dioKnosi;'  Ijy  William  Thomson:  the  frank  reoognition  and  just 
apprecintion  by  S  Wi?ir  Mitelwll  ol  Hip  hir-RiachiiiK  Ixtnetits  tendered  in  hia 
reported  cMeB,  hy  Willuim  Thomson,  Willium  ¥.  Norriei,  and  (jeorgo  0.  Harlan; 
and  hutly,  the  contiimc'd  devotion  to  thn  cultivntion  of  neeurntn  methods  by  a 
lon^  line  of  careful  inveHlipatoni  down  to  tlie  prtnent  day,  nmke  up  a  sum  of 
BCliievenivnt  by  Pbiludelphiii  nieii  which  may  be  rcKanled  an  mori-  thun  sufficient 
to  juattfy  the  reccKnition  of  »  distinctive-  Philadelphia  School. 

TbeperaoiiateutTiTiDgBnf  AinhroiM>  pM^'andof  Pcrcividl  Pott  were  thrmrana 
of  enricning  BUTKical  literature  hy  two  illiiminatin);  chaptpr^  on  compound  frac- 
tuie.  Your  eajTy  experience  of  the  tomieiit*  iind  didahilitiei  incident  to  a  too 
long  delayed  dtaennsiii  and  rnrrrrttonnf  a  ntmplie«ted  uneiropia  ^ves  you,  also, 
tha  right  to  upeAK  forcibly  and  with  authority. 

W«n  not  tbe  Hebrew  prophets  deoricd,  in  tbcir  day,  as  enthuaiastsT 

John  GnasN. 
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of  mil  ineJical  tniih,  end  distinct) v«ly  of  that  we  have  been  em- 
ph&siitiiii;,  is  its  function  in  the  great  incarnation  prucess  summed 
up  in  the  Bible  verity,  "The  word  became  fleeh,"  tmd  in  the  con- 
semus  of  doctrine  in  the  term,  Daru-inism. 

A  truth  none  can  deny,  but  one  which  all  biologists  have  ignored 
is  this:  Vision  is  the  dominaDt  condition  of  self-motility.  Wher^ 
ever  there  ia  an  aiiimaj  that  movei*  in  the  light,  there  are  eyes. 
Vbi  molus,  ibi  visus.  There  could  not  hav«  come  into  being  any 
except  the  very  lo-n-est  animalian  organisms  unless  through  the 
viaunl  function.  All  nutrition,  all  safety,  all  attack  and  escape, 
all  free-moving  and  cHcctu&l  doing,  werc  utterly  and  wholly  by 
means  of  seeing.  Thus  the  evolution  process  was  dependent  upon 
and  made  po9»bIe  only  through  the  evolution  of  the  eye,  both  as 
a  precedent  and  conditioning  fiR«  qua  non. 

And  few  liave  the  moat  dim  notion  of  the  complexity  of  ihe 
organ  of  vision  in  man,  or  of  the  amazing  difficulties  of  "Biologos" 
in  fashioning  and  perfecting  it.  Millions  of  linger-tips  are  bunched 
together  in  the  one-inch  cup  of  the  eyeball,  from  whence  run  about 
425,000  ncrvc-fibrilfi  to  a  topographic  mechanism  of  acnsution  in  the 
occipital  lobe.  The  eye  can  see  an  object  of  i^'oo  '"'^'^  ^^  diameter. 
The  cones  and  rods  are  only  Tji^jrir  °'  TTinir  °^  ">  ^*^^  "•  diameWr, 
and  n  million  cones  at  the  rincula  occupy  the  space  of  only  y*u  of  an 
inch  space.  The«e  crowded  finger-tips  perceive  the  shape  of  tbe 
picture  and  the  intensities  of  the  light  stimuli  of  all  illuminated 
objects,  of  a  millionth  of  a  millionth  of  the  kinetic  energy  of  any 
other  physiologic  force,  and  of  so  short  a  duration  as  the  0.00!44th 
part  of  a  second.  And  out  of  these  infinitesmal  waves  the  sensa- 
tions called  light  and  color  are  created.  Tlie  mechaniem  which 
creatcg  them  must  be  in  intimate  and  instant  connection  with  the 
centres  initiating  and  controlling  every  other  sensation,  of  every 
motion,  of  every  muscle  of  the  body.  Imagine  for  an  instant  what 
takes  place  in  everj*  animal  and  human  being  every  day  of  its  ex- 
istence: a  traveler  tells  of  a  monkey  pursued  by  another,  and 
running  over  and  through  the  tops  of  the  trees  of  an  African  foreet 
faster  than  a  deer  could  run  on  open  ground.  The  flashing  repeti- 
tive momentary  glances  of  the  eyce,  before,  back,  and  all  about 
ft  hun'lred  objects  miwt  Vjo  counlinnted  with  a  mathematical  pre- 
cision to  accurate  unity  and  brilliant  action  of  e\'ery  muscle  of  the 
body.  Similar  perfection  of  eye  and  motion  has  been  evolved  io 
everj-  higher  animal  of  the  world,  and  in  every  savage,  and  in 
•very  child.  Your  horse  avoids  all  stones  and  knows,  unconsciou.ily, 
every  :T>equality  of  the  ground  before  and  beneath  him,  by  the  like 
mecbanismal  uniiy.  Watch  little  cliildrea  in  play  barely  miiatng 
obstacles  and  dangers  which  would  moan  injuries  and  perhaps 
deatli,  with  swift  uncoimciousness.    The  history  of  savagery  and 
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or  eiviliution  is  all  there  and  is  of  the  same  nature.    Se«  with 
I  unbelievable  accuracy  if  you  would  succeed,  is  the  first  verse  of  the 
biologic   decalogue.    That  is  the  phytuologic  Lo^s  which  became 
the  tnologic  flesh. 

But  Bce  inaccurately  and  you  die,  is  the  antitheeu,  and  the  oni- 
'mal  whii-h  failed  to  obey  perished,  inevitably  and  quickly.  The 
savage  did  the  same;  your  horee  that  stumbles  is  useless;  your 
^  playing  child  that  hits  its  leg  or  trips  becomes,  at  least,  a  \'ery  dif- 
ferent  child,  and  a  vf^ry  difTereot  maii  or  woman  frnm  the  otbors 
who  do  not  make  those  visual  and  coordinating  blunders.  Such 
ate  the  backward  scholars  in  echoots  and,  in  large  part,  they  are 
your  failures  in  life,  inociety's  expensive  degenerates,  defectives, 
and  dependents.  And  they  arc  rapidly  increosiDg  in  number  nith 
every  step  in  civilization,  lM;raufie  every  such  step  n^eans  the 
entangling  difficulty  of  added  near  \'isioTi. 

All  of  which  —  and  this  is  the  heart  of  the  matter  —  all  of  which, 
Damrin.  a  martyr  to  bad  eyew  himself,  failed  to  see,  and  all  of  which 
no  evolutionist  has  since  caught  wght  of.  And  yet  it  ha,s  been  one 
of  the  large  controlling  conditions  of  the  evolution-process.  For 
not  only  has  this  unity  of  mathcinatic  optics  and  physiologic  func- 
tion been  the  incsrapable  method  of  success  in  the  struggle  for 
existence,  but  it  has  been  one  if  not  the  chief  mechanism  whereby 
the  eo-ealled  unfit  have  been  throwii  out  of  the  count.  Visual 
imperfection  hjis  been  and  is  incrctistngly  becoming  one  of  the 
dominating  cau<>es  of  the  e^ccliision  of  the  ontogeny  from  the  pro- 
pagating phylum.  This  is  the  fundamental  distinction  which  dif- 
ferentiates the  lft\vK  of  biologic  evolution  and  survival  of  those  with 
and  those  without  vision.  It  is  the  key  which  will  unlock  and  re- 
veal many  of  the  profound  mysteries  of  heredity  and  de-fcmt  which 
■  to^ay  are  tormenting  the  different  schools  of  evolutionists  and 
lHoIf3gi8t«.  Open  the  door  and  walk  into  the  long-closed  nnccstral 
:hall  and  the  mystrery  of  forljeiir  and  aflcrcomer  is  revealed.  How 
'and  why  we  are  here  Is  at  once  plain.  None  could  have  been,  and 
we  could  not  now  be,  the  link  between  the  phylum  of  the  pasrt  and 
that  of  the  future,  except  on  the  condition  of  seeing  well.  Tlioee  not 
allon-cd  to  become  such  jiarental  links  were  largely  those  who  saw 
too  inacfurately  to  compete  in  the  beneficent  but  summary  process. 
Note  well,  however,  two  thinKs:  The  most  perfect  organism  in 
the  pmtt  world  of  animal  and  man  was  useless  without,  (intt,  this 
perfection  of  visual  function,  cerebral  ■conrdinatinn,  and  muscular 
response;  and,  second.  t)ie  attainment  of  tliis  optical  mechanism 
was  far  moro  transccnd^ntly  difficult  than  imy  other  phynolofpc 
task.  To  attain  tran.<;ipareney  and  nourishment  of  cornea,  lens, 
vitreous  humor,  and  retinal  end-organs,  to  superpose  the  images 
of  tlie  iwo  eyeballtj,  to  respond  to  the  almost  nothing  of  etimuhjs, 
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to  transmit  to  bnuu,  to  majiufiioture  eecsatioo,  to  domloate  all 
other  cerebral  function,  iiistigat«  and  direct  all  motion — vhere 
is  the  tind  of  the  man-ebuti  task!  The  end  in  m  failure  to  do  &iiy 
one  of  these  things,  and  to  make  that  inch-in-dinmeter  eyebull  of 
a  spheric  pei-foction  which  shall  not  vary  by  yjj  of  an  inch  from 
the  iionii.  The  end  is  not  to  have  prevented  conjimctixitis,  trau- 
matism, keratitis,  iritis,  gUucoma,  cataract,  retinitis,  and  other 
multiform  di^-ai^ee,  proac  edpevially  to  oc^cur  id  the  astoundingly 
complex  aud  refined  organiem,  The  puthoiogy  of  auinmlian  evo- 
lution has  thercforo  been  in  large  part  the  patholo^*  of  vison. 
Tlie  organism  otherwise  perfect,  except  as  to  an  infinitesmal  vistial 
part,  is  thrown  out  by  this  optical  necessity.  The  mechaoism  par 
excellence  of  the  excluGiou  of  the  unlit  Is  thu^  made  tlear. 

And  to  this  low  add  the  consummating  and  crowning  function 
of  vision,  —  the  creation  of  intellect.  Psychology,  history,  and 
biology  unite  to  demonstrate  tliat  the  objectivation  of  the  i^xv  of 
civilization  is  almost  uniquely  by  means  of  vision.  The  grcutost 
task  of  nil  human  history  was  the  creation  of  the  letters  of  the 
alphabet.  It  was  bo  difficult  that  only  one  race  did  it,  and  within 
one  or  two  millenniums  all  others  huvo  come  to  a  knowledge  and  use 
of  civilixation  only  through  the  adoption  oF  the  invention.  No 
writing  and  printing,  no  ciriliiation.  But  the  letters  of  the  alpha- 
bet  are  conventionalized  ^mboh)  of  pictures  or  things  iwen.  Add 
to  this  that  language  itself  is  of  identio  origin.  There  hae  been  no 
speech  except  to  express  the  result  of  ocular  functioa.  Almost  all 
psychology  ix  summarized  as  handlings,  coordinations,  and  deduc- 
tione  of  visual  imagee,  of  these  and  of  the  motions  made  possiUe 
by  sight.  Thus  every  cerebral  function,  perception,  apperceptioQ, 
feeling  —  most  of  it,  and  uilling,  —  tliat  whicli  is  effective,  surely 
reasoning  and  judgment,— all  spring  ori^aally  and  constantly, 
ore  bound  up  with,  dependent  upon,  and  interdependent  witb 
vision. 

There  is  something  more  than  mere  imagery  and  fancy  which 
analogizes  the  course  and  phases  of  these  developmental  atagee  to 
the  way  of  water-flow  in  the  world.  Decidedly  optical  are  the  aun, 
cloud,  rainfall,  and  snowfnil  upon  the  uplands  and  mountains  whence 
spring  the  crystal  streams  and  rivulets  of  physiology.  In  llicm 
optics  becomes  function  and  action,  physics  becomes  physiologica. 
Tlie  lower  falling  brooks  become  discolored  and  morbid  when  they 
reach  the  homes  and  degradations  of  man.  —  physiology  becomes 
pathology.  But  the  stn-am  broadens  into  the  large  river  of  Uology 
with  the  commerce,  the  health  and  unheulth  of  a  continent,  until 
finally  the  Mississippi  sweeps  to  the  mothering  ocean  of  sociology 
where  sail  and  steam  the  navies  of  the  woHd. 

Thus  all  routes  and  efforts  lead  to  man,  and  all  l»olog)'  ends  in 
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sociology.  Our  etriving  is  for  human  betterment:  because  ail  med- 
ieioe  is  preemiDCntly  philiiathroptc.  The  becloudvd  or  bcfo^^ged 
m&rijier  orients  himself  by  means  of  an  optical  Jntttrumpnt,  and 
,H  tbe  min  and  the  sun's  winds  bear  the  sim-made  clouds  back  to 
le  fsr-ftway  mountains  again,  so  vision  and  optical  cycM  and  in- 
nls  again  complete  the  morbid  and  thcra|Ji!Utic  circle,  the 
cure  which  is  always  beginning  and  never  complete. 

My  contention  is  that  here  is  a  great  meaiiB  of  civilization.  It 
is  ft  profoundly  important  thing  that  the  hopeful  Carlyle  of  the 
Ckaracterittics  should  have  become  the  pcsaimist  of  Shoaling  Nio> 
gara  and  After.  It  is  civilisation's  tragedy  that  Nietxsche  should 
have  had  havoc  played  with  his  mind  by  eye-^rain;  that  Huxley 
should  have  been  driven  from  work  at  the  height  of  his  povrers; 
that  Detjuinrey  shotUd  have  been  an  opium-eater;  that  Darwin 
should  have  been  able  to  work  but  two  hours  a  day  with  his  eyes, 
and  Parkman  but  a  few  minutes.  Is  it  not  u  sad  thing  tltnt  tieorgc 
Eliot  and  her  books,  Symonds  auid  his  great  opportunity,  Tiune 
and  his  ^at  schnlnrthip,  should  have  suffered  a.9  they  did?  Is  it 
not  a  pathetic  source  of  social  misery  that  10  or  20  per  cent  of  eyes 
are  incapable  of  sowing,  typewriting,  book-keeping,  lathe-work, 
Studying,  draughting,  and  a  stilL  sadder  thing  that  their  owners 
have  DO  knowledge  of  the  fact,  and  that  they  should  suffer  until 
"break-down"  comes?  Is  it  not  an  awful  thing  that  from  40  to 
60  por  cent  of  all  achool-children  are  sickly?  That  suicide  is  in- 
ng,  insanity  and  epilepsy  incurable,  hospitals  multiplying, 
and  taxes,  and  prisons,  and  war,  aud  want?  A  certain,  perhaps 
largo  per  cent  of  all  tbc^c  backward  school-children,  epileptics, 
prisoners,  inisanc.  hysterics,  neurasthenics,  dyHpeptica,  have  such 
eyes  that  glassea  correcting  their  optical  defects  would  bring 
them  much  relief,  would  often  have  prevented  much  or  all  of  their 
tra^y.  And  the  proof  is  this:  put  any  pair  of  such  spectacles 
OQ  any  one  of  us,  and  within  an  hour  there  would  be  headache, 
giddiness,  vomiting,  or  intense  suRering.  The  cynics  and.  skeptics 
of  "eye-strain  exaggeration"  can  be  speedily  converted  whenever 
they  are  earnest  enough  to  try  a  ample  experiment  upon  them- 
selves. It  is  a  truth  awful  in  its  significance  that  in  civilized  coun- 
tries there  are  millions  of  i)eople  who  are  good  products  of  the  evo- 
lutionarj-  mill,  who  have  sound  ininde  aud  good  bodies,  but  who 
are  partial  or  complete  failures,  always  with  intense  personal  suf- 
fering, simply  because  of  an  infinitesimal  malcur\*aturc  of  the  cor- 
nea, a  too  long,  or  a  too  eliort  eyeball,  no  greater  than  the  thick- 
ness of  a  sheet  of  thin  paper.  It  is  tbe  little  thing  that,  overlooked 
by  others,  makes  or  mars  all  undertakings,  all  sciences,  and  all 
cosmic  proceeding.  The  compass  guides  the  ship  and  without  it 
there  would  be  no  civilization  as  we  see  it.    Without  vaccine  virus 
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there  would  be  a  dlfTerent  world,  there  could  hardly  be  civiliza- 
tion, and  yet  it  was  fi  gcncrMion  after  farmer  Jesty  inoculated 
his  funiily  from  the  tcuts  of  the  cows  in  ihu  field  before  even  Jcnncr 
dared  do  the  same,  and  before  the  best  of  the  profession  would 
have  noything  to  do  with  it;  and  to-day  there  arc  perhaps  a  mil- 
lion anti-viicciniitionisls  in  America!  Wlicn  Pasteur  had  demon- 
strated what  Yillemin  and  Davaine  had  before  said  was  true,  the 
bacterial  oripn  of  some  diseases,  hlstorj'  records  that  "the  doc- 
tors, in  the  great  majority,  were  \-ioIently  opposed  to  the  geroi- 
ihcory  of  discaMS.  They  answered  experimental  proof  with  ora- 
tory. The  ]&>B  excited  among  them  urged  tempotixing.  The  cur- 
geon  ChassAigDac  warned  Pasteur  that  laborator>'  results  should 
be  brou^t  out  in  n  circumspect,  modest,  and  reserved  manner, 
etc."  In  1S43  our  O.  W.  Holmes  conelumvely  showed  that  poerperal 
fever  was  contagious.  We  ignored  the  fact.  In  IS-lfl  Semraelwciss, 
of  Yienna,  Independently  procUumcd  that  puerperal  fe\'er  was 
due  to  inoculation  by  nurse,  midwife,  or  doctor,  and  that  this  con- 
ta^on  could  be  prevented.  For  this  bravery  and  clinical  acumen 
Semmelwciss  was  persecuted  by  his  medical  brethren,  turned  out 
of  his  professorship,  and  ruined.  In  the  Paris  Maternity  HosiMtal  in 
1856  &i  women  died  of  the  disease  out  of  347  admitted.  In  1864 
out  of  1350  caws  310  died.  Al  last  in  1874  Fomier  and  Budiu 
introduced  the  "new"  views  of  Paateur  and  Lister,  and  in  spite 
of  what  Dr.  Roux  calls  the  "tyranny  of  medical  education,"  they 
were  accepted,  and  puerperal  fever  disappeared.  Would  it  not  have 
been  nn  incKlimAble  gfin  not  to  have  pcrs(>cuted  Semnieh^'eiss, 
and  instead,  lo  have  examined  and  tested  his  theor)-?  In  1888 
Dr.  G.  Martin  stated  that  "migraine"  was  due  to  astigmatism,  and 
published  proofs.  In  J903  and  1904  the  Medical  Scwt  likens  thove 
who  say  the  same  thing  to  Dowie  and  Mrs.  luldy,  aud  the  leaden 
of  the  New  York  Academy  of  Medicine  call  a  special  meeting  in 
order  to  snuff  out  of  existence  the  advocates  of  such  a  seiiseleBs 
theory.  And  j'et  migrslue  is  due  to  eyestrain,  as  any  one  can 
pro\'c  whenever  he  wishes,  and  as  thousands  of  patients  viill  toetify 
whenever  asked.  Migraine  is  peculiarly  a  di.<ieaM>  of  ci^nlization, 
increased  with  every  added  hour  of  near-work  uith  the  eyes;  and 
civiIiz.atioa  is  enormously  iucrcasng  that  constftnt  stnun  of 
nenr-work  with  eyes  evolutcd  during  millions  of  years  for  a  different 
functi{m. 

There  is  hardly  an  instance  in  all  liistory  of  a  great  and  bene- 
ficent medical  diBcovcry  that  was  not  either  ignored  or  hated  and 
scorned  by  the  oSicial  leaders,  and  by  the  great  part  of  the  entire 
profession.  It  was  so  with  vaC'Cination,  fiitb  anesthesia,  the  germ- 
theory  of  disease,  Mendclism,  thoracic  percussion,  ovariuiomy, 
antiwpsis  in  suiigery,  the  etiologj-  of  yellow  fe\-er  and  malaria,  the 
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fenim  trestment  of  diphtheria,  Pasteur's  anti-rabies  inoculations, 
the  humane  treatment  of  the  insane,  etc. 

Now  the  umitzing  fncL  about  alt  of  this  is  its  mm  of  proof  or  dis- 
pnx>f,  the  pflmonat«  hatred  vnth  nbich  was  rejected  u  posFJble 
source  of  relief  of  human  euffcring,  the  htu-mloasncsH  of  the  trial, 
the  utter  forgetting  of  the  patient,  the  aiipreiiie  interest  in  the  piv- 
judice.  Vaccination  h  harmlese  and  its  protective  effect  easily 
demon stmtcd.  To  tap  tlic  chest  with  the  finger  is  a  very  eimple 
pro<;ee«iiiig  and  the  sounds  elicited  are  easily  recognised.  It  is  not 
difficult,  if  80  minded,  for  the  nurse,  midwife,  and  doctor  to  be 
clean,  and  thun  tost  if  puerperal  fever  is  contaKioua.  The  physd- 
cians  who  clamored  against  railway  travel  because  it  would  make 
pnascogere  siek,  ^ddy,  or  insane,  and  eaid  if  the  foolish  would 
build  railways  board  fences  must  be  raised  above  the  height  of 
the  cars,  —  theae  physiciana  could  have  got  on  the  cars  and  die- 
pro\'ed  their  theor>'.  The  opposers  of  the  theory  of  circulation  of 
the  blood  might  at  least  have  tested  the  theory  by  pricking  their 
fingers.  The  prejudice  agninsi  rabies  inoculation,  tho  diphtheria 
antitoxin,  the  mogquito  theory  of  malaria  and  yellow  fever,  etc., 
which  resulted  in  untold  deaths  and  delay  of  scientilic  progress, 
could  have  been  easily  tested.  It  is  childishly  simple  tu  test  the 
pon-er  of  aetigmatiBm  to  produce  or  cure  mij^roine,  and  yet  many 
prefer  not  to  make  the  test. 

There  n-re  probably  not  a  half-dozen  hospitals  or  ophthalmic  clin- 
ice  in  the  world  fitted  with  a  trial-frarac  or  set  of  tost-lenses  that 
would  enable  even  an  expert  refraction  ist>  to  dia^oKc  ametropia 
with  the  perfect  accuracy  which  is  necessary  to  cure  morbid  ocular 
nfiaiML  But  those  set  to  do  refraction  work  in  the  public  clinics 
are  not  expert.  They  are  the  students  and  learners.  Hence  nine 
tenths  of  the  glasses  prescribed  in  these  institutions  are  not  correct. 
Ophthalmic  surgery  and  inflnmmatory  diseases  are  all  that  inter- 
est, and  these  woutd  be  largely  preventable  by  the  refraction  that 
is  neglected  and  middone. 

Even  in  the  institutions  for  the  blind,  it  has  been  found  that  some 
of  the  inmates  are  not  blind,  and  that  their  remnanla  of  vision  may 
be  BO  vastly  improved  as  to  make  these  dependents  self-supporting. 
In  every  school  of  the  world  at  least  20  per  cent  of  the  pupils  are 
suffering  from  ill-health  due  to  imperfect  eyes,  and  yet  pedagogics, 
except  infinitcsimally  and  incipiently,  does  not  know  and  doce  not 
nan.  The  teachers  and  professors  in  preparatory  schools,  colleges, 
universities,  technical  and  other  schools,  pay  little  or  no  attention  to 
the  ventilation  of  tho  rootna,  or  to  the  refraction  of  the  eyes  of  their 
students.  These  are  constantly  breaking  down  in  health,  or  in  study, 
from  migraine,  etc.,  and  the  general  scholarship  is  ii-aatly  depre- 
ciated because  of  the  neglect  of  the  eyes.    An  ofGcial  and  resident 
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expert  refractioniRl  would  make  a  uniYemty  ouldistaDce  its  rivals 
more  than..  <■.  y.,  does  all  Us  "lithletics," 

In  every  aBytum  for  the  insane  some  patients  are  there  because  of 
bad  eycB,  —  and  if  only  a  few  are  curable  of  the  chronic  diaeftee, 
many  could  be  relieved  of  the  headaches,  gastric,  and  ather  nutri- 
tioDftl  dleeMce  which  burdon  the  atteudiiig  physicians  aiid  the  tax- 
payer. In  one  great  institution  for  epileptics,  a  little  experiment  with 
glassea,  imperfectly  executed  in  many  ways,  showed  a  greater  per- 
centage of  cures,  a  greater  reduction  in  the  number  of  seixures,  than 
by  all  other  methods  of  cure  combined  that  had  been  tried  In  the 
institution.  And  yet  the  official  report  charactenKed  the  expcrinwmt 
AS  "disappointing"  and  sneered  and  misrepreeented  it.  Epilepsy,  it 
has  been  demonstrated,  is  in  many  cases  due  to  ametropia;  nuny 
rases  could  he  prevented  by  proper  glasses  in  the  child,  or  during  the 
early  history  of  the  case.  In  the  chronic,  severe,  and  hopeless  cases 
It  may  not  be  ohvaya  or  even  frequently  curable.  The  conditions  of 
the  glB«B-treatniunt  arc  cxccptioDally  difficult  to  carrj-  out,  and  often 
ennnot  be  done  at  all,  especially  if  conscience  and  sympathy  are 
absent.  The  improved  general  health,  freedom  from  headaches,  etc., 
would  make  it  at  least  a  saving  of  money  for  the  8tat«  to  pay  an 
expert  resident  oculial.  This,  apart  from  the  humane  conaderation. 
Nobody  can  rightly  estimate  the  number  of  degenerates,  paupers, 
defectives,  and  dependents  loaded  upon  the  producers  and  tax- 
payers because  reading,  writing.  eeisTng,  handicrafts,  etc.,  arc  im- 
posable  to  a  person  with  disqualifying  astigmatism.  Neglect  of  the 
Jact  greatly  iucreases  (he  tax-rate  and  malces  the  philanthropic 
miserable- 
Why  dtws  the  tniant-boy  exist,  and  why  doeH  he  »o  often  develop 
into  the  young  crimina]?  If  the  majority  of  these,  as  Dr.  Case  of  the 
Klmira  Reformatory  finds,  have  an  ocular  defect  that  makes  vision 
ini|>0(<sibte  for  any  continued  reading,  writing,  or  handwork,  does 
not  the  fact  modify  all  pcnologj*?  If  the  eewing-jpri  cannot  possibly 
sew  or  do  any  stich  kind  of  eye-work,  what  all.eniati\'e  is  often  left 
her  except  crime?  Sociology  is  very  frequently  another  name  for 
ophthalmologj', 

And  if  even  to-day,  in  the  city,  the  poor  cannot  be  fitted  with 
a  simple  device  to  make  their  Uvea  happy  and  independent,  how  is 
it  with  the  other  half  or  three  fourths  of  the  people  who  live  in  small 
towns  and  in  the  country  supplied  only  with  the  itinerant  criminal 
spectacle-peddler?  The  farmers  and  their  families  now  waste  most  of 
their  eve:iing8  and  their  winters,  and  then  the  sociologist  blamra 
them  for  their  vile  country  nLe^-epaper  and  their  unprogrcasiveness. 
PhiloAophers  and  thoughtless  critics  bewail  the  literaiy  pewmism 
of  the  age.  It  is  indeed  a  pitiable  and  a  pitiful  fact.  In  a  time  when 
comfort  and  possibility  of  education  and  of  enjoyment  ha\-o  suddenly 
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tDcroased  &d  hundredfold,  why  the  struogc  phenomena  of  vastly 
increased  skepticbm,  mental  suffering,  hopelesnne^ts,  and  melan- 
cbolyf  Who  have  set  the  fashion?  Certain  powerful, but  in  gome 
respects  morbid,  literary  genituefi.  Wlio  were  thcyt  Those  almost 
without  exception  who  were  great  sufferers  from  phyeucal  dineane. 
Of  what  difiease?  Simply  of  "migraine."  Without  a  thought  of  the 
clflAS  to  which  they  may  beloug,  make  a  list  of  the  literary  pcautnists 
of  the  last  century  and  another  list  of  the  optimists.  The  pessimistic 
or  gloomy  writers  and  artists  were  almost  entirely  great  sufferers  from 
cye-Btrain  and  from  its  result  —  migraine.  They  were,  for  inatance, 
Nietzsche,  the  two  Cftrlyles,  de  Mnupafisnnt,  George  Eliot,  Wagner, 
Tchaikowsky,  Diopin,  Symonds,  Tolstoi,  Heine,  Leopanli,  Scho- 
penhauer, Turner,  Obcrmann,  Thomaon  (the  younger),  Poe,  aad 
oumy  others.  Others  that  partially  or  wholly  conquered  the  "mi- 
graine" of  cye-etrain  by  opium,  or  by  ronouncing  ocular  near-work, 
bywBlking,etc.,are  Mrs.  Browning.DeQuincey, Coleridge,  Beethoven, 
Paricman,  Whittier,  Margaret  Fuller,  Browning,  Huxley,  Spencer, 
Taine,  Darwin,  Lewes.  Hugh  Miller,  Southey,  etc. 

The  optimists  —  the  cheerful,  hopeful,  encouraging,  loving,  and 
helpful  ones — were,  a  few  and  at  random,  Goethe,  Mozart,  Verdi, 
Ruskin,  Wordsworth,  Renao,  CliAteaiibriand,  Hugo,  Zola,  Sainte- 
Deuvo,  George  Sand,  Emerson,  Lowell,  Longfellow,  Kant,  Scott, 
Bronte,  Dumas,  Voltaire,  Gibbon,  Macaulay,  Mommsen,  and  a  host 
of  others. 

In  not  one  of  the  lives  or  writings  of  theae  last  will  you  find  a  hint 
of  eye-strain,  or  nugrajne, hardly  even  of  ill-health.  Note  also  that  the 
pCRsimistg  are  mostly  afheistio  and  mat«rialiatio,  while  hardly  one  of 
the  healthy  optimists  is  so.  One  may  also  remember  the  tendency  to 
despair  and  even  suicide  in  those  who  Buffered  most  from  migraine. 
It  is  exactly  so  in  private  practire  to-day.  Pessimism  and  atheism 
are  an  expenmve  tax  on  the  national  vitahty,  a  danger  to  the  public 
health,  a  brake  on  the  wheels  of  the  progress  of  civilization.  If  we 
care  naught  for  the  personal  and  preventable  sufferings  of  these  great 
workers  in  humanity's  cause,  nothing  for  those  of  the  literary  and 
other  laborers  tremendously  incrftased  by  the  very  nature  of  their 
tasks,  we  at  least  should  consider  the  welfare  of  the  generations 
that  follow  U8,  As  the  creation  and  perfection  of  vision  has  been  the 
condition  of  past  biologic  evolution,  so  its  normalisation  and  the 
avoidance  of  its  pathogenic  results  is  one  of  our  highest  professional 
duties  and  ideals. 
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[Sir  F«Ux  Semoxu  E.C.V.O.,  PhywcUnExtrnordUuuy  to  Hu  Mnjdiitv  ICing  Edwnrd 
TO  of  EnfiliiDd.  b.  licoemW  8. 184ft.  Danzig,  Prussia.  M.I).  BcrPm,  1873; 
German  StAloa  DiplorriB,  1874;  medical  i-ducatioD  at  Btirliu  arid  Ucidclbeiig 
Uaivereitiee;  F.R-.C.P.  London.  1885;  M.  1B7«-  Hoyol  Pruaaian  Prvfeaeor; 
Pofit-gnduat^,  Vk-nsa,  Paris,  and  London;  FhysiciaD,  llotipitaj  for  Diseaaca 
o(  the  Throat,  Golden  Sqiinip.  London,  1.S79-83;  Physkifii).  Piie^Aes  of  the 
Throat,  St,  ThoiTKis'H  Hofljiittil,  Lotidiin.  ISS'i-Bv;  ihiJ.  for  Nalionul  Hoiipital 
tor  Epilripay  and  Pftrfclyad,  amce  1SS7.  l*rT*idcnt.  LAtyngo-logicfti  Soction, 
Itthixh  Medical  AfsociatioQ.  1888  and  ItSHh;  Frilowof  RoyJ  Uediesl  Clinical 
and  Hedicol  Socictii^s,  London  ;  Membcrr  of  PntJio logical  uid  Neun>logical 
fkicieties,  London;  Hoc.  Feliuw,  Berlin,  Muuicli,  Italian,  anil  Virnua  Ijirviigo- 
loKiCtd  Societies;  CorreBpoudiug  Mcoit)«r  of  Amerlr&u  LaryDgoto^c^  Awo- 
ciiition,  luiptriaJ  and  Boval  Kociiety  of  Physiciane,  Vienna,  aud  f'ytwjiah 
Mfdical  Societies'  Knight  I'msstan  R«d  Euele  (3d  Claie) ;  German  War  Mfdjd, 
lS7i>-71  (SCIasj^);  Gommnnd'crof  OrdrTof  iKstx'UHlaCatoIica;  Graod  Offidcr, 
Order  of  Medjiidji?.  Author  of  many  boola  rolntinf[  todiMiA»M  of  the  throat.] 

When  Professor  Newcomb's  extremely  flutt«riDg  invitation  reached 
me  to  deliver  an  address  before  the  Section  of  Laryiigology  and  Oto- 
logy of  the  Congress  of  Arts  and  Science  held  in  connection  with 
this  wonderful  Exhibition,  my  first  feeling  was  outurally  one  of 
sincere  gratitude  for  the  great  honor  done  to  me.  This  feeling  was 
enb&Qced  by  the  informatioD  contained  in  ProfesBor  Newcorab'a 
letter  that  the  Ini-itatiou  was  extended  on  the  nomination  of  a 
number  of  American  ropreaentativea  of  medicine,  whose  names  are 
household  words  on  the  other  side  of  the  Atlantic.  I  am  deeply 
senaiblc,  believe  me,  of  the  exceptional  distinction  thus  conferred 
upon  me,  and  my  pleasure  in  accepting  it  ia  only  nuirrod  by  the 
considcrntiDD  that  I  cannot  pretend  tu  be  an  auriHt,  and  that  the 
olological  part  of  my  task  would  no  doubt  have  been  infinitely 
better  fulfilled  by  cniiny  European  representatives  of  that  branch. 
I  dutifully  mentioned  this  fact  to  the  organizers  of  the  Congress,  but 
it  was  not  considered  an  iusurmouotable  obstacle  to  my  undertaking 
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the  pleuant  duly  coaferred  upon  me.  NeodleHS  to  say,  I  nnll  do  my 
best  to  do  justice  to  the  otological  part  of  my  address  m  welt,  but 
it  will  be  intelligible  to  my  hearerg,  aiid  will.  I  tnist,  be  pardoned  by 
them  tbal  Iho  lion's  shore  of  my  remarks  will  be  devoted  to  Gubjocte 
rather  of  which  I  ran  speak  from  personal  experience  than  to  ()ue(i- 
tiODs  with  which  my  work  is  lefis  intimately  connected. 

If  my  first  feeling  on  receiving  your  invitMion  was  naturally  and 
properly  a  sense  of  gratitude  for  the  high  distinction  conferred  upon 
me,  this  feeling  was  run  very  close  by  the  sineere  pleasure  I  expe- 
heacedln  thinking  that  I  should  have  been  aclccled  to  coupcrat«  in  a 
work  so  entirely  eympathetic  to  me  as  is  this  great  undertaking.  It 
was  stated  in  Professor  Newcomb's  invitation  that  the  object  of  this 
Cougreaa  was  "to  discuse  and  set  forth  the  uniformity  and  mutual 
relationship  of  the  sciences,  and  thereby  to  overcome  the  lack  of 
bannony  and  relation  in  the  Bcattereri  special  sciences  of  our  day." 

I  do  not  know  vrhether  I  was  selected  as  having  upheld  throughout 
my  scientific  career  tliia  leading  idea,  but  I  can  eiiy  without  fear  of 
contradiction  —  and  in  proof  thereof,  1  may  point  to  my  literary 
work  — that  1  hove  conacioualy  and  intentionally  striven,  wherever 
opportunity  offcreil  itHeU  to  me,  to  maintain  the  principle  wliich 
animates  the  organization  of  this  Congress. 

I  should  Dot  bo  a  specialist  if  I  did  not  firmly  believe  in  the  neces- 
sity of  specialism  in  medicine.  The  immortal  aphorism, "  Life  is  short, 
art  is  long,  technique  is  difUcult,"  applies  to-day  with  even  greater 
force  than  when  it  was  uttered  tn'O  thousand  years  ago  by  the  Father 
of  Medicine.  Whilst  the  span  of  life  has  since  his  time  remained  very 
much  what  it  was  then,  his  art  has  been  and  is  making  giant  stridea. 
Economical  conndcrations  stand  in  the  way  of  indincriminutcly 
prolonging  the  time  of  medical  study,  and  more  and  more  work  has 
to  be  compressed  within  the  Bpan  of  the  few  years  which  serve  to 
prepare  the  future  medico  for  his  professional  life.  No  wonder,  then, 
that  it  has  become  extremely  difficult,  nay,  almost  impossible,  to 
equip  our  students  so  thoroughly  that  they  can  enter  practical  life 
with  full  knowledge  of  their  craft  in  ever>'  branch  of  medical  thought 
and  work.  Even  the  few  who,  endowed  with  good  health  and  strength, 
with  exceptional  abilities,  and  with  equally  exoeptional  industry, 
succeed  during  ttieir  students'  career  in  mastering  all  the  details  of 
current  medicine  will,  with  very  nire  exceptions,  Snd  it  practically 
impoiisible,  when  once  they  have  plunged  into  practice,  to  keep 
abreast  of  the  rapid  progress  which  is  the  signature  of  the  times  in 
whtcli  wc  live. 

Under  these  circumstances  division  of  labor  has  become  a  l<^cal 
and  unavoidable  necessity.  The  old  line  of  demarkatJon  between 
internal  medicine  and  surgery,  to  which,  at  a  somewhat  later  period, 
gynecology  and  midwifery  were  added  as  independent  branohee,  no 
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looser  suffices  to  cany  on  inwstigBtion  and  practice  withiH  (heir 
fwrnerlj  strirtly  defined  limits.  Gradually  one  recoKnined  spcciidty 
h»s  developed  after  another,  partly  owing  to  the  necessities  of  special 
training  in  a  certain  technique,  partly  because  only  men  trained  in 
that  technique  could  promote  further  investigation!). 

TTie  International  Medical  Congresses  bear  testimony  to  this 
unavoidable  development  of  contemporaneous  medicine.  Their 
organisers  desire  nolLiug  more  than  to  limit  the  numlxir  of  the 
Swtione  of  the  Congress,  yet  time  after  time  is  it  found  indispensable 
to  create  new  oeetions.  Thus,  whereas  at  the  TntemationHl  Medical 
Congreaa  of  Brussels  in  1S7&  eight  sections  suiljced  to  carry  on  the 
work,  which  was  truly  represuntative  of  the  state  of  scientific  medi- 
cine at  that  time,  that  number  had  been  more  than  doubled  twenty- 
five  years  later,  when  no  leas  than  seventeen  sections  had  to  be 
formed  at  the  Intcmational  Mfdical  Congress  of  Paris  uf  1900.  Seeing 
the  unexpected  rise  of  so  majiy  brandies  formerly  undreamed  of  within 
the  mcinorj'  of  our  own  generation,  he  would  be  a  bold  man  indeed 
who  would  dare  to  assert  that  the  limit  had  been  reached  of  further 
^cialization  oj  our  science. 

This  progressive  division  of  labor  —  the  outcome,  not  of  individ- 
ual caprice,  but  of  stem  necei«ity  —  Las  certainty  resulted,  witliin 
the  last  fifty  years,  in  greater  progress  of  medical  knowledge  and 
power  tfauD  has  taken  place  at  probably  any  corresponding  period  in 
the  historj'  of  medicine.  If  we  middle-aged  men  rememloer  what 
medicine  was  when  we  entered  upon  our  studies  and  see  what  it  is 
to-day,  and  if  we  further  reflect  how  much  of  atl  the  progress  achieved 
tDMnwhile  is  due  to  the  labors  of  specialists,  we  ha\-e  every  reason 
I  think  to  be  grateful  to  the  division  of  labor  which  has  brought 
forth  auch  splendid  fruit. 

But  while  this  niuet  be  readily  and  ungrudgingly  acknowledged, 
it  cannot  be  denied  that,  as  in  almost  every  movement  of  a  similar 
character,  thus  in  this  development  of  modern  medicine  there  is  one 
great  and  real  danger,  namely,  the  peril  of  over-specialization.  Well 
do  I  remember,  when  I  first  seltfrted  a  specialiftt's  career,  how  incensed 
1  wae  at  the  reproach  then  currently  leveled  at  specialism,  namely, 
that  it  engendered  □arrow-tniiidedncss,  and  how  ill-foimded  and 
unjust  that  reproach  seemed  to  be  to  me.  With  longer  experience 
and  riper  judgment  I  have  leamedthat  the  danger  of  narrow-minded- 
ness, accruing  from  too  exciuFtive  a  devotion  to  f<peciali.im,iR  more 
than  a  mere  phantom.  AVTiethor  by  natural  turn,  of  mind,  or  by 
want  of  steady  conncr.tion  with  broader  aspects  of  pathology,  thcro 
IB  no  gainsaying  that  the  enthutuaHtic  specialist  in  apt  to  oee  a  local 
trouble  e^'erywhere,  and  to  overlook  diglurbanees  of  general  health 
and  other  organs  which  in  reality  require  the  chief  attention.  The 
tendency  which  has  become  particularly  marked   during  the  last 
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decade,  Dftmely,  to  confine  research  and  dlscusEion  in  special  sub- 
jects to  special  KictelJes  and  special  journals,  has  materially  in* 
creased  that  danger,  the  reality  of  wliich  was  foreseen  iiearly  twenty 
years  ago  by  my  great  tCfwhor  Virchow  when  in  the  uddresa  ho  guve 
at  the  jubilee  meeting  of  the  Derlin  Medical  Society  on  October  28, 
1885,  he  spoke  the  memorable  words,  to  which  I  have  more  than 
once  referred,  and  which  in  verbatim  trtinelation  are  as  follows: 

"  Amongst  us  has  arisen  the  Uu-ge  army  of  Hiieoialists,  and  it  would 
be  useless,  or  at  luiy  rate  fruitless,  to  oppose  this  development ;  but  I 
think  I  oiij^ht  lo  may  here,  and  I  hojx!  to  be  sure  of  the  conwnt  of  you 
all  when  I  say  it,  that  no  specialty  can  flourish  which  separates  itself 
completely  from  the  general  body  of  science;  that  no  specialty  can 
develop  usefully  and  beneficially  if  It  does  not  ever  and  ever  ngairi 
drink  from  the  genoral  fount,  and  if  it  does  not  remain  in  relationship 
with  other  specialties,  so  that  we  all  help  one  another,  and  thervby 
preserve  for  science,  at  any  rate,  even  if  it  should  uot  bo  necessary  ' 
for  practice,  that  unity  on  which  our  position  rests  intrinsically,  nnd, 
I  may  well  say  also,  with  regard  to  the  outer  world." 

Under  theae  circumstances  it  was  certainly  a  happy  thought  to 
remind  us  sgain  of  the  unity  of  Sciences  and  Arts,  and  to  try  thereby 
to  overcome  the  lack  of  harmony  and  connection  bel«-een  the  scat- 
tered special  sciences  of  our  day. 

And  1  look  upon  it  a^t  a  particularly  charactorifitic  sign  of  the  times, 
and  as  a  hopeful  augury  for  the  future,  that  the  reminder  sliould  have 
come  from  the  scientists  of  a  country  so  eminently  progressi'S'c  as  the 
United  StJltes  of  North  America.  If  they,  who  are  untrammeled  by 
many  of  the  traditions,  formalities,  and  prejudices  which  so  severely 
handicap  us  on  the  other  aide  of  the  Atlantic,  have  found  that  it  ia 
high  time  to  raise  »  wanting  word  against  the  cver-increafting  dift- 
ruption  of  tlie  unity  of  Science,  surely  this  ought  to  make  those 
pause,  who  with  a  light  heart  consider  every  further  step  on  the  road 
to  so-cnlled  "  iiideiwnduncu "  as  a  practical  g«n  to  specialism,  11 
to-day  by  placing  before  you  in  rapid  succession  the  intimate  links 
which  connect  us  ^ith  other  arts  and  sciences  I  should  succeed  in 
convincing  some  of  the  more  ardent  protagonists  of  such  independ- 
ence, that  laryngology-,  rhinology,  and  otology  can  only  flourish 
and  healthily  progress  by  never  for  a  moment  losing  agbt  of  their 
close  rclationahip-with  otheroften  enough  apparently  remote  branchca 
of  human  thought,  I  conceive  that  I  shall  have  contributed  my  mite 
towards  the  excellent  object  of  this  grcjit  Congress. 

It  is  not  a  mere  figure  of  Bpeech  wben  I  say  that  the  more  I  ad- 
vanced in  the  preparation  of  this  address,  the  more  did  I  become 
unprcesed  with  the  magnitude  of  my  taak  and  with  the  intimacy  of 
unexpected  or  hardly-thought -of  connections  bttwt^cn  laryngology, 
otology,  and  rhinology  and  other  sciences  and  arts.   These  special- 
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ties  have  developed  6o  much  along  characteristically  iodependeut 
UoMtli&t  theoretically  one  might  be  inclined  lo  think  thnt  th«y  hud 
comparatively  little  in  cumtnou  with  other  braDcheii  of  uiedicinu,  let 
alone  other  sciooces  and  arts. 

Nothing  could  lie  better  calculated  to  dectroy  such  mlschicvotts 
belief  ihftii  the  results  of  my  Inquiry.  At  every  step  during  llie  jjiv- 
paration  of  this  paper  has  it  become  clearer  to  me  how  much  we  owe 
fo  apparently  remote  lines  of  human  tliougbt,  how  much  we  liave 
been  and  are  benefited  in  our  special  work  by  progress  made  in  other 
distunt  ficlda,  and  huw  tuuch  more  good  we  may  expect  to  accrue  to 
ue  from  the  advances  ai-hieved  in  terrilories  of  human  thought 
which  a  few  years  ago  e\'eu  the  most  fantastic  visionary  couiil  not 
Imve  brought  iato  useful  combination  with  our  own  occupation. 

It  will  be  my  endeavor  in  tbie  address  to  justify  the  foregoing 
stat«ments  by  rapidly  surveying  the  intimate  connection  of  laryn- 
gology, rhinology,  and  otulog)-  —  m  addition  to  their  relations  with 
other  branches  of  medicine  —  with  physics,  chemistry,  mat  he- 
matics,  philosophy,  hiBlory,  biolog>',  technology,  and  music,  and  I 
only  regret  that  within  the  limit  of  time  allotted  to  me  it  will  be 
quit«  impossible  to  do  full  justice  to  my  task. 

I.   Phyaict 

(a)  Light.    I^et  us  first  take  phynos.    The  connections  of  that 
science  with  Iflr>iigoIogy ,  rhiuology,  and  otology  are  aa  manifold  as 
they  arc  interesting  and  sniportant.   The  branches  of  medical  science 
named  have  it  in  common  that  they  deal  with  the  investigation  of  the 
phyaology  and  pathology  of  deep'^eated  ca\itie8.   Hence  the  ques- 
tion of  their  illuminHtion  for  purposes  of  examination  is  of  the  fEreat- 
est  importance,  and  thua  the  chapter  of  physics  dealing  with  the 
pro3)ertie8  of  light  is  a  subject  of  immediate  and  pressing  interest 
to  us  all.  This  applies  with  particular  force  to  laryngolugy.  Although 
of  late,  through  the  work  of  Kiretein,  direct  inspection  of  the  larynx 
by  means  of  depressing  the  tongue  with  suitable  spatulas  has  been 
rendered  feasible,  this  method  of  examination  is  only  applicable  in 
a  certain  fraction  of  eases,  and  examination  of  the  larynx  is  still 
carried  out  univcrBally  by  means  of  reflecting  mirrors.    The  very 
foundation  of  laryngoscopy,  aa  ordinarily  practiced,  depends  upon 
the  principle  of  physiological  optics:   that  when  rays  of  light  fall 
upon  a  reflecting  surface  placed  in  a  certain  inclination  towards  the 
source  of  light,  the  angle  of  reflection  is  equal  to  the  angle  of  inci- 
dence.   Thus,  if  n  small  mirror  be  held  at  an  angle  of  45  degrees  to 
the  horizon  just  below  the  uvula,  whilst  a  powerful  beam  of  Ught  is 
thrown  horizontally  into  the  throat  of  the  person  examined,  the  part 
jnst  underneath  the  mirror,  that  is,  the  larynx,  becomes  illuminated 


154 


OTOIOOY  AKD  LAKYNGOLOGY 


by  reflected  liglit,  and  its  imftge  19  in  turn  ihrown  back  upon  the 
mirror,  and  bcnc^  reflected  into  the  eye  of  the  ob8cr\'cr,  which  is 
pamllcl  with  the  rayg  throwm  upon  the  reflecting  mirfacta.  Exactly 
the  same  principle  applies  if,  instead  of  the  larj-nx,  the  naaopharj-n- 
ge*l  cavity  hfis  to  be  examined,  and  the  law  of  physiological  optics 
juvt  described  is  as  ulUimportuit  for  posterior  rhinoacopy  as  it  is  for 
laryngoscopy.  But  in  order  to  obtain  a  really  good  image  of  cither  the 
larynx  or  of  the  nMopharyngcal  cavity  it  is  nwcssnrj-  that  the  light 
which  is  thrown  upon  the  reQectinK  niim»r  should  be  a  powerful  one. 
Hence  every  progress  which  is  made  in  concentrating  and  intensify- 
ing the  light  need  for  illuminntion  of  these  parts  is  of  the  greatest 
interest  for  my  branch  of  science.  It  sounds  nowadays  almost  like 
a  myth  that  the  progress  of  laryngology  in  its  infancy  should  have 
been  retarded  for  alniort  half  a  year,  and  that  I^rofessor  Tiircb  of 
"Vienna,  who  first  utilized  Manuel  Gareia's  epoch-making  discovery 
of  the  toryngotscope  for  the  investigation  of  pathologiciil  proMOses 
in  the  larynx,  should  have  given  up  hi»  studies  for  the  time  because 
the  winter  of  1857  in  Vieuna  was  a  very  dark  one,  and  because  suffi- 
cient light  for  illumination  of  the  larynx  could  not  be  obtained  from 
the  direct  raye  of  the  sua.  Yet  such  was  actually  the  case,  and  it  was 
only,  as  Morell  Mackennie  has  tersely  stated,  through  Profeseor 
Czermak's  substituting  urtificial  liglit  fur  the  uncertain  rays  of  the 
sun,  and  uang  the  large  ophthalmoscopic  mirror  of  Iteutc  for  con- 
eentrating  the  luminous  rays,  that  the  initial  difficulties  were  over- 
come. Thus  already  at  this  early  stage  Icnaes,  another  achievement 
of  physiological  optics,  were  employed  to  help  o»ir  young  science. 
Ever  sinre,  every  improvement  in  the  way  of  light  hse  Iwon  a  subject 
of  the  keenest  interest  for  laryngology  and  rhinology.  What  progress 
have  we  made  from  the  Sckuatcrkugel  —  a  large  gla«s  globe  filled 
with  water,  originally  employed  by  Tiirck  and  Stoerk  —  until  we 
have  been  actually  enabled  to  introduce  a  email  electric  lamp  into 
the  cavities  of  the  body  thomselvL's  to  illuminate  them  properly  for 
purposee  of  diagnOKio  and  oi>eration,  or  to  throw  Ught  into  the 
CHOphagus  or  the  bronchial  tubes,  or  to  transilluminate  the  face  for 
diagnostic  jiurposee,  as,  for  instance,  for  the  diagnosis  of  disease  of  the 
maxillary  antra  or  the  frontal  sinufiCB. 

The  employment  of  gas,  rerenlly  followed  by  its  new  incandes- 
cent modification;  the  introduction  of  hydro-oxygen  li^t,  and.  _ 
above  all,  that  wonderful  source  of  light,  now  in  general  use,  the  f 
electric,  have  formed  so  many  steps  in  the  way  of  improving  our 
powtirs  in  laryiigologv'  and  rhinology.  Quite  recently  the  invention 
of  the  Nemst  lamp  has  proved  a  groat  boon  to  us,  enabling  those  who 
had  been  accustomed  to  the,  if  excellent,  rather  cumljersome  Mae 
of  hydro-oxygen  light,  to  get  illumination  almost  equally  good  at 
infinitely  less  trouble. 


4 


RELATIONS  TO  OTHER  SCIENCIB 


4fi5 


I 


As  if  tiiie  had  not  been  progress  enough  within  the  comparatively 
short  epun  of  a  quarter  of  u  wntury,  Protvssor  RocotKea's  great  dis- 
ro\-prj-  of  tiie  peiietruling  power  of  the  ultra-violet  rays,  whii-li  now 
SO  by  his  uftme,  has,  at  its  very  inception,  been  most  happily  mil- 
ised  for  the  purpctscs  of  laryngoloKy.  Wlicn  the  extrftordinary  pro- 
perlieenf  the  X-raya  were  made  known  I  expreeeed  a  hope  that  by 
th^r  help  it  might  berome  posmble  to  distinguish,  owing  to  their 
different  density,  between  benign  and  malignant  growths.  Although 
this  hope  has,  unfortunately,  not  been  re»Uzod  so  far,  yet  the  medical 
attainments  of  these  rays  are  Biirely  wonderful.  They  enable  uBto 
dipcover  the  presence  of  metallic  foreign  bodies  in  the  Iftr>-ux,  the 
lower  oir-paesages,  thp  nose  and  its  accessory  ctt^tiea.  When  it  is 
doutrtful  whether  paralyigs  of  a  vocal  cont  in  due  to  the  presence  oE 
an  aneurism,  or  of  a  solid  new  gron'th  in  the  chest  preening  upon  the 
pneumogastric  or  recurrent  iBryngwji!  ncrvc)«,  the  X-niys  ugsiin  conic 
to  our  aid  and  help  U6  to  make  adifferential  diagnosis.  A  further  very 
ingenious  application  of  the  Roentgen  rays  has  been  made  by  Dr. 
Spicss  of  FrHiikfurt-iini-Mfiin,  who  hns  suggested  that  the  delicate 
and  by  no  means  dangerleiis  probing  of  the  frontal  sinus  may  be  con- 
trolled and  thereby  rrndcrcd  innocuous  if  dtiring  the  act  of  intro- 
ducing the  probe  the  piclure  of  the  patient's  head  lie  thrown  on  the 
8ci«eD,  tlie  operator  being  thus  enabled  to  seo  whether  the  iunlru- 
nienl  is  really  on  the  right  way  into  the  frontal  idnus. 

Who  will  l»  bold  enough  to  say  that  with  such  diecoveriee  the 
resources  of  physics  have  been  exhausted,  and  that  possibly  at  some 
near  future  some  other  even  more  powerful  aource  of  light  may  not 
be  introduced?  Those  who  are  unwiae  enough  to  Ijelievc  in  the  finality 
of  scientific  progress  need  amply  be  reminded  of  the  possibihtieB, 
quite  ret-eixlly  introduced  through  the  discover}'  of  radium  with  its 
as  yet  imperfectly  known  properties. 

Before  leaving  the  sLibject  of  light  I  must  refer  to  tiome  other 
methods  in  which  that  branch  of  phymcs  has  been  rendered  useful 
to  our  specialties, 

The  MicToacope.  The  first  of  these  is  the  use  of  the  inicrogeope. 
On  this  point  [  need  say  but  little.  The  enormous  value  of  the  micro- 
scope in  medicine  is  tm  universally  recognized  that  it  would  mean 
carrying  coala  to  Newcastle  if  I  were  to  enlarge  upon  it.  Our  special- 
ties have  been  benefited  as  much  in  the  undcrrtanding  of  the  finer 
processes  of  normal  and  pathological  anatomy  of  the  throat,  nose,  and 
ear,  as  any  other  branch  of  our  mother  science.  It  suffices  to  mention 
the  help  which  the  microscope  ^ves  us  in  the  difTcrcntinl  diuresis 
between  benign  and  malignant  growths,  in  the  recognition  of  tulier- 
cutouB  and  diphtheritic  affections,  in  the  differentiation  of  septio 
disease  in  general,  to  show  the  tnith  of  my  statement. 

Stroboscopy.     Another,   though    much    more    restricted    applioa- 
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tion  of  light  for  th«  U9e  nf  laryngolog}-,  w  stroboscopy.  By  an  in- 
genious niodiilcatioii  of  the  Kiroboecope,  cunsiirtiDg  of  two  rotatory 
djeks.  Ihe  one  pcrfuraled,  wliilst  on  the  utlicr  iiguree  are  drawn,  which 
ui^  inspected  tbrniigh  the  perforation  nf  the  first  disk,  the  late  Pro- 
r«E»or  Oertel  has  succeeded  in  conHtructing  an  sppantus  by  means  of 
which  the  osciliflliou  of  the  voenl  corde  can  be  accurately  observed. 
Very  interesting  obscn-ationa  on  the  action  of  the  vocal  cords  during 
swinging  ba^'e  been  mode  with  the  aid  of  thiti  apparatus,  as  an  exam- 
ple of  which  I  may  only  mention  that,  according  to  Oertel,  "the 
soundK  of  the  chest  register  arc  produced  by  oscillation  of  the  vocal 
oorda  in  their  entire  length  and  breadth,  whilst  the  Hounda  of  the 
fnlsctto  register  arc  cnuHid  by  the  longitudinal  divieion  of  the  sur- 
fuc.-C5  of  the  voca)  cords  into  aliquot  parts,  nodulctt  being  at  the 
aame  time  formed  on  them." 

Photography.  A  further  method  to  be  mentioned  in  this  connco- 
tion  is  photography.  I  need  not  say  thai  photographic  reproduction 
of  preparationB  illustrating  the  normal  and  palholngical  anatomy 
of  the  ear,  the  nose,  and  the  throat  is  no  exclusive  property  of  laryn- 
gology, rhiiiology.  or  otology,  but  a  special  interest  connecls  the 
former  of  these  sciences  with  photography,  inaanuch  as  by  the  aid 
of  this  method  a  numlier  of  moRt  intereetting  obaerx'ationR  have  been 
made  on  the  physiology  of  the  larynx  during  the  act  of  singing.  The 
method  has  proved  particularly  useful  in  xbowing  the  absurdity  of 
the  preconceived  ideaa  of  some  teachent  of  Ringing  as  to  the  extent 
of  the  indi\idiial  registers.  It  has  fully  coiToboraied  the  views  held 
by  thoifC  most  comjxttcnt  to  *ipeak  as  to  the  enormous  variety  in  pro- 
ducing the  singing  voice,  even  in  persons  whose  voices  belong  to  one 
and  the  same  category.  The  pioneer  in  this  fascinating  territory  has 
been  an  American,  my  friend  Dr,  French  of  Brooklyn,  and  to  his 
cnthuBiasm  and  perseverance  hnve  been  due  the  first  rehahle  results 
of  this  moKt  promising  method  of  phyHiological  invest igatiou.  Fur- 
ther -itiidies  in  this  direction  have  been  made  by  Dr.  Musehold  and 
Professor  E.  Meyer  of  Scrhn.  The  last-named  gentleman  hag  just, 
in  cooperation  viith  the  celebrated  mechanician,  Zeiss  of  Jena,  con- 
structed a  very  ingeaious  apparatus  for  demooatrating  and  photo- 
graphing the  larynx;  but  having  seen  the  photographs  obtained  by 
ita  use,  I  am  bound  to  gay  that  the  work  done  by  Dr.  French  has  not 
been  so  far  surpassed. 

Stavottopy.  Finally,  in  connection  u-ith  light,  I  must  not  onat  to 
mention  the  ingenious  application  of  stereoscopy  for  purposes  of 
medical  teaching  made  by  my  friend  Vr.  Wat«on  \\'illianiB  of 
Clifton  in  the  wonderful  atlas  which  acconipaiiie?i  the  aeoond  edi- 
tion of  bis  work  on  Diseases  of  the  Vptwr  Respiratory  Traol.  It 
being  often  extremely  difficult  to  obtain,  for  teaching  purpoees. 
really  illustrative  preparations  of  the  accessory-  cavities  of  the  noiu*. 
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th«  employment  of  tlie  pnnciple  of  stereoscopy  in  order  to  substitute 
photographs,  the  pliieticity  of  which  truly  rivals  life,  may  fairly  be 
described  as  a  triumph  in  utilizing  for  our  sjieciiil  purpoi^ii  Lhe 
achievement  of  an  apparently  very  remote  scieace. 

The  mention  of  electricity,  the  X-riiys,  and  rttdium  naturally  brings 
to  our  niindti  the  fact  that  the  chapter  on  light  ih  of  interest  to  laryn- 
golopsts  and  rtuDologiets,  not  from  the  point  of  view  of  tbe  question 
of  iltunuDAtiou  alone.  We  n-re  privileged  to  live  in  a  time  when  tlie 
great  healing  powers  of  hghl  have  been  discovered  and  are  utili^d 
in  a  close  of  caaes  in  which  there  is  much  need  for  addition  to  our 
therapeutic  armory.  The  light  of  the  «un,  the  electric  light,  the 
ultra-violet  rays,  and  the  emanations  of  radium  are  nowadays  util- 
ized with  much  suct^ess  for  the  treatment  of  lupus,  of  rodent  ulcer, 
and  of  some  of  the  more  super&cial  forms  of  maligaaiit  disease;  and 
it  may  fairly  be  hoped  that  further  progress  may  be  made  in  the 
treatment  of  Xho»:  rruel  affections  even  when  they  otcur  in  pans 
not  easily  sccesaible  to  the  effects  of  the  various  raya, 

(6)  Sound.  Whilst  the  chapter  of  physica  dealing  nith  light  and 
its  powers  ie,  as  1  have  juat  endeavored  to  show,  of  the  very  highest 
importance  for  laryngologj-  and  rhinology,  the  chapter  on  sound 
holds  an  equally  high  position  with  regard  to  otology.  1  need  not 
elaborate  that  a  science  which  is  prominently  concerned  in  dealing 
with  the  troubles  of  hearing  is  inseparably  connected  with  the  physics 
of  sound.  Thus  the  tuning-forlc  is  one  of  tho  mo»t  indispensable 
weapons  of  the  aurist,  and  the  question  whether  tbe  sounds  cauned 
by  its  vibrations!  arc  more  easily  perceived  by  aerial  or  by  bone  con- 
duction is  of  the  highest  diagnostic  importance  in  a  large  number  of 
ear  affections.  In  the  same  category  may  be  mentioned  Galt-on's 
whtMJe  for  the  testing  of  the  hearing  of  high  notes.  Again,  the  ques- 
tion of  the  capacity  for  the  perception  of  tune;  the  difference  in 
perception  according  tn  whether  the  mouth  is  closed  or  open ;  inter- 
ference phenomena;  the  estimation  of  the  hearing  capacity  for 
speech;  the  audibility  of  different  sounds;  the  differential  diagnosis 
between  affections  of  the  sound-conducting  and  sound-perceiving 
apparatus  — are  all  questions  intimately  connected  with  the  physics 
of  sound,  and  it  might  be  said  without  exaggeration  that  otolog>* 
nithout  constant  close  relationsliip  with  physics  is  an  imposaihiUty. 

The  Phonogra-ph.  Speaking  of  sound,  the  phonograph,  an  in- 
vention due  to  American  genius,  must  not  be  forgotten,  although 
its  possibilities  in  connection  with  our  triad  are  still  in  their  infancy. 
I  may  remind  my  hearers  that  very  shortly  after  its  introduction 
Dr.  Mount  Bleycr  of  New  York,  Dr.  Liehtwitz  of  Bordeaux,  and 
I,  independently  of  one  another,  conceived  the  idea  of  utilising 
its  recording  powcre  for  the  purposes  of  instruction.  One  does  not 
always  have  a  case  of  whooping-cough  at  hand  if  one  lectures  on 
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th*t  cHeeaw,  and  althouf;h  it  be  e&sy  and  true  enough  to  say  thftt 
the  peculiar  cough  connected  with  that  disease  vru  so  character- 
istic that  any  odc  who  bad  e\xr  heard  it  would  never  forget  it,  it 
ie  DOt  BO  easy  to  demonstrate  practically  in  what  the  i^haracteris- 
tic6  or  which  one  speaks  consist.  Here  the  phonograph  cotOM  to 
oQc'e  aid;  let  the  child  afOicted  with  that  dingieeable  affectioo 
cough  a  few  timea  into  the  apparatus,  and  turn  it  on,  when  you 
have  to  lecture  on  whooping-rongh  and  have  no  illustrative  case 
near.  The  whoop  nill  come  out  true  enough! 

It  need  not  be  said  that  the  investigation  of  different  forma  of 
cough  and  hoarsenesB  is  only  one  of  the  modes  in  which  the  di»- 
criniinaling  powers  of  the  recording  mechanism  of  the  phonograph 
could  be  utilized.  Attempta  have  already  been  made  by  Dupost 
to  invpsti^te  with  its  help  modifiration?  of  speech  in  diPFerent 
forms  of  delirium,  paralysis,  multiple  scleroaia,  etc.  More  recently 
Ftatau  of  Berlin  has  studied  the  various  forms  erf  vocal  disturb- 
anceB  by  means  of  Edison's  phonograph,  and  han  also  utiUzcd  it 
for  investigation  of  the  finer  mechanism  of  the  singjng  voice.  With 
further  perfection  of  the  apparatus  it  nmy  justly  be  hoped  that 
yet  more  valuable  results  may  be  obtained  than  those  so  far  achieved, 
although  even  now  they  are  anything  but  a  negligible  quantity. 

The  SentUive  Flame.  Finally,  in  this  connectioo  it  should  be 
mentioned  that  Konig'e  sonative  flame  has  been  utilized  for  the 
regi-st ration  of  sound-waves  produced  by  the  human  voice.  The 
Apparatus  con^sts  of  a  rapidly  rotating  cube,  the  four  lateral  sides 
of  which  are  formed  by  mirrors,  and  of  a  membrane  in  the  side  of 
a  gas-chamber,  connected  with  which  is  a  small  sensitive  gas-flame. 
If  a  note  be  suog  on  to  the  membrane  the  flame  bobs  up  and  down 
and  the  waves  seer  on  the  mirrors  are  not  simply  up-and-down 
cjnes,  but  the  primary  large  waves  are  complicated  by  smaller  ones 
on  their  surface.  The  richer  the  voice  the  more  numerous  are  the 
overtones  of  the  harmonics  represented  on  the  reflecting  sides  of 
the  rotating  cube.    (Halliburton). 

(c)  Elttiridiy.  The  enormous  progress  of  the  science  of  elec- 
tricity  made  n-ithin  our  generation  has  had  the  most  useful  effects 
upon  the  diagnostic  and  thernpeutic  powers  of  larj-ngology,  rhino- 
logy,  and  otolog)'.  In  fact,  there  are  probably  but  few  collateral 
sciences  in  which  our  specialty  is  so  keenly  interested  and  the 
progress  of  which  so  greatly  benefits  us  as  elt-ctricity  in  all  its  dif- 
ferent forms.  It  has  already  been  stated  that  the  IIIuminBtizie 
power  of  the  electric  light  Is  being  utilized  not  only  for  ordinaij* 
but  al«o  for  trans-illumination  of  the  cavities  of  the  head  and  nock, 
and  for  the  inspeclion  of  tho  lower  air-  and  food-tubes.  The  con- 
stant and  faradic  currents  are  of  the  greatest  help  to  us  both  in 
diagnosis  and  in  treatment.    By  means  of  the  reaction  of  degoner- 
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&tton  we  arc  enabled  to  decide  whether  para1)-sis  occurring  in  iLc 
mouth,  the  pbarj-nx.  or  the  lar^-nx  is  of  central  or  of  pci-iphera] 
ori^n.  By  employing  both  forms  of  currcDt  we  succeed  in  many 
cases  in  cuting  paralytic  disorders,  more  particularly  when  they 
are  of  functional  cbaructcr. 

Again,  electricity  in  the  form  of  the  galvano-oaxitery  is  of  prac- 
tically daily  use  in  the  haiids  of  the  lai^'ngologist  aud  rhinologist. 
It  bos  superseded  tbv  oiiiploymcnt  of  most  otbor  forms  of  caiutice, 
and  fen*  larj'ngologists  nowadays  would  care  to  be  without  it. 

Yet  another  form  of  employment  of  electric  force,  uamely,  elec- 
trolyMs  is  highly  extolled  hy  Bome  devoted  adherents  who  util- 
ize it  for  the  treatment  of  such  troublesome  affections  as  ozena, 
na80-phar>iigeal  fibromata,  reduction  of  irregularities  of  the  nasal 
fleptum,  etc.  It  must,  bywe\'er,  be  confessed  that  tbi»  lacthod  has 
never  met  with  general  adoption  by  the  bulk  of  laryngologiats. 

ITnally,  in  recent  limes  the  motor  power  of  electricity  has  been 
largely  used,  and  I  do  nut  think  anywhere  more  than  in  the  United 
States,  as  the  driving  force  of  such  instruments  as  trophinea,  saws, 
drills,  particularly  in  nas-il  surgery  and  electro-motor  masseurs  in 
aural  therapeutivs.  If  the  method  has  not  yet  met  viih  general 
ac'ceptanc-c  in  Europe  it  is,  I  think,  morv  from  want  of  ncquaJat- 
uice  with  it  than  from  any  other  cause,  and  I  feel  confident  that 
the  more  general  the  domeatio  use  of  electriuily  shall  become,  tho 
greater  rdlc  will  the  electro-motor  pUy  in  our  inatnimentanura. 

Even  as  it  is  now,  however,  the  rapid  sketch  I  have  just  drawn 
will  suffice,  I  trust,  to  show  the  enormous  importance  of  this  branch 
of  physics  for  our  special  field  of  reaearch. 


II.  Chemiatry 


Whilat  it  cannot  be  said  that  chemistry,  apart  from  its  general 
relations  with  medicine,  is  so  closely  connected  in  its  various  branches 
with  laniigology,  rhiriology,  and  otology  as  physics,  yet  there  are 
points  enough  of  very  great  and  immediate  importance  which  link 
these  two  sciences  togothcr. 

In  the  first  place,  synthetic  chemiBtiy  gains  every  day  tn  im- 
portance for  us  by  enriching  ua  with  new  and  important  pharma- 
ceutical preparations.  Need  I  remind  you  of  orthoform,  anes- 
tbcsiae,  adrenalin,  iodoform,  sOKoiodol,  peroxide  of  hydrogen  — 
to  mention  a  few  only  of  the  large  number  of  new  remecUes  which 
form,  so  to  5ay,  our  present  stock-in-trade,  and  for  the  introduc- 
tion of  which  we  are  indebted  to  synthetic  chemistry?  Every 
day  increases  our  power  of  doing  good,  due  to  the  progress  made 
in  this  collateral  science,  and  we  are  therefore  accustomed  to  watch 
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coMtantly  aovradsys  for  further  help  !□  our  therapeutical  powers 
from  that  source. 

8koptiL-8,  it  is  true,  ouy  s&y  with  some  show  of  reatWD  that  we 
hud  lately  hod  uid  wvro  titill  having  &  Uttlc  too  much  of  a  good 
tluiig  Id  the  shape  of  new  remedies,  but  I  the  more  gladly  Ivave 
that  undecided,  as  chcnust.r>'  comes  to  our  aid  not  only  with  re- 
gard to  therapeutics  but  also  to  diagDOsis.  It  is  mostly  by  meaoa 
of  the  different  chemical  reactions  of  cerobro-spina)  fluid,  and  of  the 
ordinary  eerous  secretion  met  with  in  vasomotor  affections  of  the 
nose  that  we  can  differentiate  between  these  two  affections. 

Finally,  although  this  may  perhaps  be  culled  "mutac  of  the  fu- 
ture," I  myself  took  forward  to  the  day  when  further  progretis  in 
physiological  chemistry  will  enable  us  to  recognise  subtle  difter- 
cDces  in  the  eompOKitioQ  of  nerves  and  miucIeH.  Should  that  hope 
be  realised,  physiological  chemistry  will  perhaps  enable  us  to  solve 
that  great  problem,  which  for  the  last  twenty-Gve  years  has  occu- 
pied the  minds  of  so  many  of  us  —  osmely,  the  raune  of  the  greater 
proclivity  of  tho  abductor  fibers  of  the  r&currwit  laryngeal  nerve, 
and  the  muisclcs  which  they  supply,  to  succumb  eooncr  than  the 
adductors,  or  even  exclusively  iu  coses  of  organic  disease  of  the 
roots  and  trunks  of  tho  motor  laryngeal  nerves. 


III.  Mathematics,  ittdwding  Staiiaiica 

Occasionally  the  resources  of  mathematics  have  to  be  laid  under 
contribution  by  our  epecialtics.  Thus,  for  instance,  it  was  necea- 
8ar>-  when  I  studied  some  years  ago  the  position  of  the  vocal  cords 
Jn  quiet  respiration  iu  man,  to  correct,  when  using  graduated  larj'n- 
gcal  mirrore,  tho  considerable  difference  between  the  actual  and  the 
apparent  length  of  the  distance  measured.  This  difference  could 
be  accurately  expressed  by  a  mathematical  formula. 

Similarly,  in  a  recent  paper  on  the  aerodynamics  of  the  reflinrs- 
tory  passages.  Dr.  Gevers  of  I^euven  measures  mathematically 
the  permeability  of  the  nasal  chambers.  On  the  whole,,  however, 
it  must  be  coufesiied  thut  thcconnectionbetn-cen  pure  mathematics 
and  laryngology,  otology,  and  rhinology  ia  only  a  distant  one. 

But  matters  become  very  different  if  we  look  upon  the  science 
of  statistics  aa  a  method  of  applied  mttthematics,  and  consder  its 
employment  in  our  litcrarj-  work  under  the  present  heading. 

More  and  more  frequently  of  late  years  has  the  statistical  method 
not  merely  been  laid  under  contribution,  but  been  allowed  to  ha^-e 
a  decisive  vote  m  queetions  of  the  greatest  importaneo  for  laryn- 
gology, otology,  and  rhinology.  It  may  therefore  not  be  out  of 
place  to  express  on  this  occasion  a  devout  hope  that  tho«ie  who 
employ  this  method  for  tho  decision  of  controversial  points  in  our 
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own  sojenoe,  should  make  themseh'es  trat  acquainted  nilb  the 
^acnil  principles  uf  the  methud  itself.  The  non-obscrvuice  of 
this  precaution  has  led  in  more  than  one  instance  not  only  to  fal- 
lortouH  scientific  conclusions  but  to  deplorable  practical  results. 

I  will  illuslRLtc  tlii^  by  ouc  cxsmplu  only. 

In  no  chapter  nithin  the  territory  of  our  ovm  epeciulties  haa 
the  statistical  methc)d  of  late  years  been  more  frequently  used  than 
in  that  of  cancer  of  the  hrynx.  As  u  matter  of  (act,  the  uactulness 
or  otherwise  of  the  intii\-idual  operations  now  practiced  for  the 
cure  of  that  terrible  diwa-se  is  judged  by  most  surgeons  exclusively 
on  the  basis  of  statistics  recording  the  resulta  of  various  forms  of 
operation.  Unfortunately,  however,  a  good  many  of  tboso  who 
have  compiled  tiuch  staiisticii  have  done  so  in  a  most  empirical 
nmaoer.  They  have  simply  registered  under  one  and  the  same 
heading  all  operations  of  one  nnd  the  BHine  type  e\-er  performed 
without  taking  into  consideration  auch  indiKpensalile  distinctions 


1.  Tbe  jteriod  of  our  knowledge  at  which  eaeh  of  the^e  opera- 
tions was  i)erfonned, 

2.  The  individual  and  enormously  difTercnt  conditinnH  present 
in  each  of  the  ca-ses  which  were  subjected  to  one  and  the  same 
operation. 

3.  The  pro^rcKH  of  the  tccluique  of  these  o)>erutioD8  as  they 
idually  developed. 

The  outcome  of  this,  as  will  be  clear  to  cwrybody  who  has  paid 
any  atteutiou  to  the  principle  of  statistics,  has  naturally  been 
lameatablc.  Most  valuable  forma  of  operation,  auch  aa  thyrotomy, 
have  been  and  unfortunately  still  are  persistently  discredited, 
because  some  compilers  of  these  statistics  will  not  or  cannot  see 
that  n  thyrotomy  performed,  say^  in  1870,  was  a  thing  aa  different 
as  heaven  and  earth  from  a  thyrotomy  performed  in  10O4  under 
altogether  (UfTerent  conditions  of  diagnosis  and  technique.  They 
accordingly  put  together  all  thyrotouiiea  ever  performed,  without 
taldng  these  all-important  differences  into  consideration,  and 
calmly  proceed  to  refcistcr  the  net  result.  The  natural  outcome  of 
such  directly  misleading  statistics  has  been  that  the  tnie  value 
of  thyrotomy  in  suitable  cases  has  not  nearly  universally  enough 
been  reco^i^ed  at  the  present  moment,  and  those  who  have  prac- 
ticed it  with  excellent  results  in  really  suitable  cases  during  the 
la«1.  fifteen  years  have  even  at  this  hour  of  the  day  to  carrj'  on  an 
ipliiU  fight  against  those  who  put  their  faith  blindly  in  the  un- 

tisfactory  sort  of  statistics  just  described.  The  hope  may  there- 
fore be  justly  reiterated  on  this  oecaeion  that  every  medical  mam 
who  wishes  to  approach  a  medical  question  from  the  statistical 
point  of  view  should  make  himself  thoroughly  acquainted  with 
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the  etuidarcb  of  bis  me&^nircmeDts  before  applying  the  latter  to 
the  quection  which  he  intends  to  etudy. 


IV.  Mtitorolo^  and  CUmaltiog^ 


A  few  vord<i  ouly  are  requinte  at  the  present  state  of  our  know- 
ledge with  regard  to  the  connection  between  meteorology  and 
larTD^o-otoloR)'.  The  more  we  Icam  of  the  iufiucDi-c  whii-h  climatic 
and  meteoroloKical  conditions  exercise  upon  certain  diseases,  th» 
more  neceeesry  does  it  become  to  study  tbeae  conditions  in  oriler 
to  benefit  our  patienls,  and  to  avoid  serious  mistake!!  in  sending 
them  to  localities  which,  however  euitable  in  other  affections,  an-^ 
not  adapted  for  their  particular  case.  Tliis  general  rule  applied 
to  our  epecialties  codicb  partirulorly  into  force  with  regard  to 
laryni^l  iubcreuloae  and  to  middle-ear  catarrh.  With  regard  to 
the  former,  I  need  Kimply  mention  that  at  preeent  the  opinions  as 
to  the  suitability  or  otherwise  of  high  altitudes  in  cases  of  laryngeal 
com  plication  8  of  pulmonary  tuberculusia  arc  extremely  divided; 
with  regard  to  middle-ear  catarrh,  one  seoe  it  frequently  stated 
that  seaside  places  exercise  a  distinctly  unfaTorable  influeoco 
upon  them.  But  the  rcliitioD  of  meteorology  and  climatology  to 
our  branches  is  certainty  a  wder  one  than  indicated  in  the  fort- 
going  illustrations,  nnd  «'ell  dewnes  —  and  will  no  doubt  receive 
—  further  attention. 


I 


V.  PkHoBophy,  Logic,  History,  and  Literature 

Of  the  connectiona  of  philosophy,  logic,  history,  and  Uterattue 
with  laryngology  and  otology  I  wish  to  say  a  few  words  jointly, 
because  Their  relations  to  our  specialties  are  similar  in  kind.  Tbey 
arc  not  of  that  pnlpable  and,  if  1  may  say  so,  tangential  character, 
as  those  of  phynics,  chemistry,  and  mathematics,  and  of  the  other 
bninphea  of  human  intellectual  activity  to  be  touched  ujwn  here- 
after, in  that  it  i»  impoisxible  to  mime  individual  distinct  point* 
in  which  their  achievements  touch  equally  dihtinct  and  individual 
points  of  ppccifip  interest  for  us.  Rut,  although  more  subtle,  their 
relations  with  the  higher  aspects  of  our  work  are  no  leea  intimate, 
and  additionally,  if  1  niny  say  so.  arc  alt-pen-ading.  The  specialist 
who  is  endowed  with  a  philosophical  turn  of  mind  mil  look  upon 
his  own  work  and  upon  the  interest.^  of  his  specialty  from  »  much 
broader  point  of  \new  than  the  man  whose  horizon  is  obscured  by 
the  limited  and  more  or  less  narn)w-miniled  doctrines  of  one  indi- 
^•idtml  Kchool  pf  thought.  He  will  not  be  swayed  by  the  faahion- 
able  currents  of  tlio  moment,  and  will  \>v  consoled  when  he  sees 
that  not  only  the  public  but  many  within  the  ranks  of  his  own  con- 
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fraternity  periodically  lose  their  heads  over  the  latest  seuBationiil 
ilevolopment ,  destined  in  th«  opimoo  of  its  creator  and  its  diflcipIeFi 
lo  bring  about  in  uur  own  times  the  millennium,  by  the  remeni- 
brance  of  Ben  Akiba'e  immortal  dictum: 

AlitM  tthan  tSuffctnefen  (tiolblag  Dew  under  the  eun), 
and  by  the  reflection  that  in  all  probability  in  &  very  foT  yiOTB  the 
same  faithful  one;?  will  bow  down  and  worship  another  golden  calf. 
The  man  who  has  learned  to  think  logically  will  not,  when  he  writes 
a  paper,  be  caught,  in  glaring  §elf-(;ontradiction8,  and  mil  curry, 
when  following  a  chain  of  thoughts,  that  chain  to  its  only  possible 
concluflion.  The  author  who  does  not  confine  his  literary  eludies 
to  the  reading  of  exclusively  modical  productions,  who  has  been 
broHKht  up  with  a  knowledge  of  alt  that  Js  good  in  the  literary  pro- 
ductions of  former  as  well  a?  of  our  own  times,  and  who  has  a  warm 
heart  for  piX'lic«l  und  literary  buauties  in  the  literature  of  all  na- 
tions, will  make  his  own  work  attractive  to  readem,  and  nill  know 
how  lo  give  clear  expression  even  to  abstruse  ecienliiic  questions. 
And,  in  conc]iit>ion,  the  Inryngokigist  and  otolugtsl,  who  knows 
Bonielliiiig  of  history  in  general  and  of  the  history  of  the  develop- 
meitt  of  his  own  specialty  in  particular,  will  have  an  infinitely 
liigfaer  standard  of  comparison  of  the  aobievementa  of  the  present 
day  with  those  of  our  predGcessora  than  the  man  for  whom  all  that 
bos  been  published  ten  years  ago  is  merely  "ancient  historj-"  not 
worth  reading.  Above  all,  he  will  havo  learned  from  the  Ie.<<sons  of 
the  past  the  one  great  truth  that,  however  important  a  discovery 
he  may  iniuf^inc  he  huA  niadu,  it  behovee  him  to  bo  modest  in  the 
face  of  what  has  Ijeen  done  before  liim. 

It  is  extremely  tempting  to  illustrate  what  I  have  just  said  by 
reference  to  the  writings  of  aoinc  of  our  confriret,  whotte  scientific 
productions  arc  distinguieihed  by  literary  charm,  by  limpidne^ts 
of  expresaon,  by  inexorable  lope  of  thought,  and  by  profound 
knowledge  of  the  history  and  literature  of  other  subjectB,  but  apart 
from  the  qut-stion  of  the  length  of  this  address,  which  hangs  over 
me  like  the  sword  of  Damocles,  the  task,  although  enticing,  would 
be  somewhat  invidious.  Still  I  hope  that  nobody  will  grudge  it 
if,  before  leaving  this  part  of  my  task,  I  refer  with  ndntiration  to 
the  work  done  by  two  American  specialists,  and  illustrating  tho 
truth  of  what  I  have  just  said,  namely,  the  excellent  historical  and 
literary  researches  of  Dr.  John  Mackonde  of  Baltimore,  which 
Ipvo  quite  a  special  cachei  to  several  of  his  papers,  and  the  recent 
magnificent  medical  history  of  laryngology  and  rhinotogy  by  Dr. 
Jonathan  Wright,  wjiich,  owing  to  s  mont  unusual  combination 
of  all  the  philosophical,  literary,  and  historical  qualities  of  which  I 
have  spoken  vrill,  I  feel  Ktirc,  ever  remain  a  classic  in  the  literature 
of  our  specialties. 
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VI.  Technology 

A  few  words  must  suffice  to  remiad  you  of  the  great  importance 
of  every  technolo^cal  prugress  for  those  whose  special  practiee 
lies  in  the  tre&tiiicut  of  throat,  nose,  ami  ea^r  diseaaes.  From  year 
to  year  thi.>»c  epi-cialtics  tend  tnum  and  more  to  bet-ome  brunches 
of  surgery,  and  the  question  of  their  surgical  equipniGDt  therefore  is 
cnnstaDtly  nith  vs.  Moat  of  our  iustnimeDts  are  no  dovibt  invented 
by  specialiBts  thcnu<elvc«,  but  in  not  u  few  cases  we  are  only  able 
to  give  a  leading  idea  to  the  instrument-maker,  and  the  success  <xr 
otherwise  of  our  idea  depends  upon  the  constructive  talent  of  the 
Utter.  Nor  is  it  rare  that  pauente  themselves  devise  improvements 
of  existing  instruments  and  apparatus.  Thus,  for  instance,  the 
mast  ingenious  and  at  the  same  time  simpleitt  fii)en king-apparatus 
vhic'h  I  have  ever  seen  used  by  patients  condemned  to  n'ear  for 
a  time  or  forever  a  traclical  cannula  wa»  constructed  by  a  watch- 
maker who  had  the  miafortune  hiinHelf  to  belong  to  the  class 
uf  patients  in  question.  A  glance  at  the  innumerable  "modifica- 
tions" of  invlruineuts  now  in  general  u»c  recommended  in  the 
catalogues  of  various  insirunient-mukere  sliows  the  intimacy  and 
itupurtunrc  of  our  relatiane  with  techDology,  and  I  dcniro  in  ron- 
cludon  of  this  reference  only  to  remind  you  of  the  quiet  revolu- 
tion that  has  been  going  on  in  our  tools  of  late  years  in  proportion 
to  the  gnMitly  inrn^asod  importance  of  Jiwptlc  flurgcr>-,  and  in  the 
course  of  whitib  it  ha«  become  the  aim  to  have  all  our  ineitrumeots 
fashioned  out  of  metal,  and  to  banieh  wood  entirely. 


I 
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VII.  Mime 

Next  wc  come  to  a  most  faacinattng  subject  —  the  relation  of 
the  aoble  art-  of  music  to  laryngo-rbioo-otology.  Of  the  intimacy 
of  this  relation  there  can  be  no  pHissiblc  doubt;  without  what  ia 
(■ailed  a  "musical  ear"  music  is  an  impossibility  altogether;  with- 
out the  poBsesaoD  of  a  healthy  larynx,  nnging  cannot  be  thought 
of.  When  I  tfi>c-ak  of  a  "miisDcul  ear"  I  mean,  of  coiirne,  (be  con- 
trol exercised  by  the  ear  over  the  technique  of  executants;  that 
music  in  its  highest  forms  is  completely,  or  ut  any  rate  neariy, 
independent  of  the  power  of  hearing  bas  been  shown  by  nothing 
more  conclusively  than  by  the  case  of  deaf  composers,  whose  "inner 
voice,"  to  fipcak  with  Robert  Schumann,  elevated  them  beyond 
the  apparently  indispensable  faculty  of  hearing.  Beetho\*ea  was 
deaf  when  he  uTote  the  Ninth  Symphony,  and  nothing  more  path- 
etic  surely  can  be  imagined  than,  when  hia  audience  after  its  lirat 
performance  rose  to  an  indeanribable  pitch  of  eiithuaasm,  one  of 
the  singers  had  to  turn  the  deaf  Maestro  round  in  big  chair  to  see 
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—  vhat,  alfls,  he  could  hear  no  longer  —  the  applftuse  with  which 
the  public  of  VUmna  greeted  this  probably  the  greatest  miL<gcal 
composition  of  all  times.  But  even  in  this  exceptional  case  the 
c\oso  reifttionship  of  the  art  of  mufiic  vnth  the  physical  faculties 
of  sound  and  hearing  is  charactenfltically  illustrated.  If  the  mus- 
ical ear  bad  come  to  the  great  composer's  Kelp  in  the  final  chorus, 
I  cannot  imagine  that  he  would  have  written  the  soprano  parts 
an  he  has  done  —  too  high  to  be  reaeheS  without  great  effort  by 
the  voice  and  not  pteaging  in  its  effect  to  the  tympanum  of  the 
oit^nary  listener. 

As  to  the  connection  of  laryngology  with  singing,  no  more 
significant  testimony  could  surely  be  adduced  than  the  fact  that 
the  lar>-ng09cope,  upon  which  modem  Iftr>-ngology  is  based,  has 
been  the  invention,  not  of  a  medical  man  but  of  a  singer,  the  ven- 
erable Sefior  Manuel  Garcia,  who  has  been  spared  by  &  merciful 
Providence  to  live  in  undimnaed  poasessiou  of  all  hia  mental  and 
physical  powers  to  the  patriarchal  age  of  100,  and  whose  lOOlb 
birthday  we  hope  {D.  V.)  to  celebrate  in  March  of  next  year.  The 
auspicious  event  will  coincide,  I  may  remark,  with  the  jubilee  of 
larjTigologj',  his  epoch-making  pnper,  entitled  Fhy»ioloffical  Obser- 
valiona  on  the  Human  Voice,  wliich  he  submitted  to  the  Royal 
Society  of  London  in  1854,  having  been  published  in  the  Proceeds- 
injW  of  that  Society  (vol.  xii,  no.  13)  in  1855,  Garcia  was  led  to 
his  discovery  by  tlie  natural  desire  of  an  intelligent  singer  to  study 
the  physiological  properties  of  that  most  wonderful  of  nil  instru- 
ments, the  human  voice,  by  direct  insjcclion  of  its  constituent 
parts  during  the  set  of  ain^ng.  Ever  since  manifold  endeavors 
\\»\c  been  made  to  let  the  art  of  singing  profit  by  the  revelations 
gjwn  by  the  lar>'ngoscope.  Candor,  fann.'ever,  coniiiels  me  to 
say  that  these  elTorta  have  hitherto  been  less  successful  than  one 
might  oatuntlly  have  expected.  Pretenmons  have  been,  and  are 
bang  nmdc  as  to  the  duint  of  the  laryngoscope  to  lay  down  the 
law  coDceming  most  intricate  questions  arising  in  the  production 
of  the  singing  voice;  but  as  I  have  staled  on  a  previous  occasion, 
IhoK?  exists  no  "suporior  wisdom^'  based  upon  Inryngoscopic  ob- 
scr\'utions  with  regard  to  the  teaching  of  singing.  Now,  an  in  by- 
gone days,  the  teacher  who  founds  his  inBtruction  upon  the  class- 
ical traditions  of  the  art  of  singing  nnd  who  individualises  in  every 
case  intrusted  to  his  care  will  certainly  be  more  successful  thaa 
the  theorist  who,  starling  from  preconceived  notions  the  correci- 
nees  of  which  is  anytliiDg  but  proven,  forces  the  natural  meeban- 
iam  of  his  pupils'  voicea  into  hie  unbending  formula  and  thereby 
in  not  a  few  instances  ruins  them. 

This  warning  is  of  course  not  intended  in  any  way  to  deter  both 
Itu^'ngolog^sts  and   singjug-masters  from  jouiing  foreea  in  deter- 
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mining  queatloos  regarding  the  physiology  of  the  voice,  and  ret-enl 
work  such  oe  that  of  Holbrook  Curtis,  Flatau,  tiukofzcr,  and  Im- 
Iiofer  kLows  how  vuluublc  the  Uiryngolo^t's  aid  may  be  iu  assist- 
ing  the  task  of  the  teacher  of  aogiog  in  such  questions  aa,  for  ex- 
ample, the  method  of  intonation  —  a  point  in  which  eciencc  and  art 
very  nearly  touch  one  another.  Future  aDatomica)  and  physio- 
logical rr^iiri'hes  will  Iiave  to  solve  the  fa£cinating  questions  of 
the  mutual  intcrd(;pendf!nc7  of  the  ceatree  and  paths  of  audition 
and  aouiid  in  the  brain.  The  data  at  present  at  our  disposal  are 
not  sufficient  fully  to  understand  through  what  kind  of  afferent 
and  cfTcrent  fihcrs  impressions  arc  ronvcycd  to  and  from  these 
centres;  how  they  are  changed  into  volitional  impulses,  and  how 
they  produce  the  desired  note  of  the  voice. 

For  the  purposes  of  llus  address  the  forcRoing  short  remarks 
will,  I  trust,  BuOice  to  show  that  uo  better  illustration  of  the  mutual 
relationship  of  most  various  arts  and  sciences  could  be  imagined 
than  in  the  territory  of  music ,  and  more  particularly  of  singing. 
That  noble  art  is  mscparably  ioterwoven  with  larjTigology,  oto- 
'egy,  rhinology, —  for  the  accessory  cavities  of  the  nose  are  serv- 
ing as  resonators  for  the  sounds  produced  in  the  larynx,  —  snii- 
toiny,  physiology,  and  physios. 


^^^.  Biology 

II  we  consider  the  relation  of  our  branches  to  biology  —  exclud- 
ing from  the  generic  term  thus  used  human  anatomy  and  phya- 
ology  —  the  same  remark  applies  to  their  connection  which  I  have 
just  used  when  speaking  of  the  relation  of  music  to  oiu*  special- 
ties; more  might  be  expected  from  the  future  thsn  has  been 
achieved  in  the  past.  No  doubt  the  study  of  compam-tivc  anatomy 
and  physiology,  particularly  the  developmental  part  of  these  sci- 
ences, lias  Ixtei)  ver>'  useful  in  making  us  undenstand  the  ori^, 
the  gradual  development,  and  final  composition  of  the  compli- 
cated organs  with  which  we  have  to  deal,  and  in  not  a  few  quee- 
tioDS  —  more  particularly  in  those  relating  to  the  nervous  mech- 
anism of  the  larynx  ~  the  lessons  derived  from  experimental 
physiology  have  already  been  of  the  greatest  importance  in  help- 
ing to  solve  the  diflicidt  problems  with  wliich  we  have  to  deal.  Still, 
I  am  ill  no  fear  of  contradiction  when  I  say  that  a  great  deal  more 
may  be  expected  for  the  elucidation  of  many  difficult  questions 
witli  which  we  are  confronted  in  laryngo-oto-rliisology  from  further 
biological  studies. 
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Finally — and  though  last  not  least  —  1  have  to  discuss  the 
relations  of  laryrgoK>to-rhinology  with  other  branehes  of  our  great 
mother  eeience,  Medicine.  The  subject  is  one  so  large  that,  to  do 
it  justice,  not  one  but  a  couise  of  lectures  would  be  required.  At 
eveiy  step  the  specialist  whose  mind  is  opeo  is  reminded  of  the 
close  connection  of  hi»  limited  field  of  achievement  with  other 
branches  of  mediral  art  and  Rcienee. 

Anatvmy,  Physiology,  Fathotogy.  He  can  do  no  jjood  without 
an  intimate  kno^'ledgc  of  the  unutomy  of  the  or|;ans  intrusted  to 
hh  care  and  of  their  analomical  relationa  to  adjoining  and  even 
more  distant  parts.  In  order  to  understand  morbid  conditions  of 
the  nose,  throat,  and  ear,  he  must  be  thoroughly  ocqutunted  with 
the  action  of  these  orgnna  in  health,  in  othpr  words,  with  their  phy- 
aolog)'.  Wherever  clinical  observation  is  insufficient  or  at  fault,  ho 
can  appeal  to  no  belter  helpmate  than  to  the  researches  of  patho- 
logical anatomy,  and  it  may  bo  truly  stated  that  the  conviction 
of  this  intimate  osEociation  with  the  three  nciences  named  is  be- 
foming  more  ftnd  more  ahve  in  our  minds.  We  no  longer  leave 
the  investigation  of  anatoniicid,  ph>*siologicttl ,  and  pathological  pro- 
blems pertaining  to  our  specialties  exnluaively  in  the  handti  of  pro- 
fessors of  these  branches;  a  large  number  of  very  valuable  con- 
tnbuiions  towardit  the  elucidation  of  eucli  problems  has  been  made 
of  late  years  by  members  of  our  ou-n  Hpecialties,  and  In  not  an 
inconsiderable  number  of  instannes  the  cooperation  between  laryn- 
gologists.  rhinologists,  and  otologists  wilh  pure  anatomista,  phy«o- 
logistg,  and  pathologiats  has  been  productive  of  most  valuable 
scientific  results. 

It  suffices  to  mention  the  anatomical  work  of  B.  Praenkcl  and 
liis  school,  of  Brocckaort,  Onodi,  Paul  Heymann,  Eluborg,  Carl 
Sriler,  Komer,  Jclenffy.  Killian,  Polit7.rr,firulicr,  Urban,  Pritchard, 
TlUey,  Logan  Turner,  Kanthack,  Seifert,  Siebenmann,  Gougiierilieim, 
and  LermoyeK;  the  physiological  researches  of  Schcch.  Grabower, 
H.  Kruuse,  Katisenatein,  Klempcn'r.  Fraenket,  Hooper,  Bryson 
Delavan,  Prank  Donaldson,  jun.,  Desvemine,  R^thi,  Hajek,  Zwaar- 
(jcmnkcr.  Gre\*il!e  MacDonald;  the  pathological  studies  of  Heinzc, 
Griinwald,  Kuttner,  Seifert,  Kahn,  Heryng.  and  Butlin,  and  the 
joint  work  of  B.  Fracnkel  and  Gad,  of  Bowditch  and  Donaldson, 
of  von  Mering  and  Zimtz,  of  Mikulica  and  Michelson,  to  which  I 
hope  I  may  add  the  researches  undertaken  by  "Victor  Horaley  and 
myself  —  to  »how  that  the  above  statements  arc  not  more  asser- 
tions, but  based  upon  solid  facts.  On  the  other  hand  we  gratefully 
recognize  the  most  important  help  that  has  come  of  late  years  to 
the  aid  of  laryngulogical  knowledge  from  such  distinguished  anato- 
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mists,  phyoologists.  and  pHthologisls  as  Lu^hkiL.  Sappey,  Zucker- 
kandl,  Kxner,  nermann  Munk,  Richard  Ewald,  liixien  Russell, 
Bechlerew,  and  others.  And  yet  these  are,  I  panicularly  viish  to 
state,  n  few  oamo^  only  tukcn  at  random  from  one's  rocollectioii  of 
those  who  have  enormously  improved  our  knowledge  of  the  anHtomy, 
physiology,  and  morbid  histology  of  the  throat,  nose,  and  ear,  witliin 
the  l»st  twenty  yearn. 

Bacteriology.  From  pathological  &aatomy  in  general,  there  is  but 
one  Btep  to  the  latest  development  of  that  science,  bacteriology. 
Here  again  the  close  relationirfiipof  ours|)ecia!tiesto  lhi»  new  science 
ia  endeiit  everywhere.  Wo  leani  from  llie  baciariological  examin- 
ation of  the  sputum  in  cases  in  which  the  clinical  examination  of  the 
not^e.  pharynx,  larynx,  or  ear  leaver  it  doubtful  whether  tre  have  to 
do  mth  luberculoffls  the  true  nature  o(  the  process  that  engages  our 
attention ;  wc  differentiate  with  the  help  of  bacteriological  cxamina- 
l.ion  between  true  diphtheria,  Vincent's  angina,  and  other  forms  of 
septic  tnfiammatioDs  of  the  cavities  of  the  mouth  and  throat:  the 
employment  of  antitoxin  enables  us  to  deal  infinitely  more  effect- 
ively than  at  any  previous  state  of  our  knowledge  n-ith  that  scourge 
of  htitnanity,  diphtheria;  we  ascertain  in  those  terrible  although 
fortunately  rare  caaes.  which  I  have  grouped  together  under  the 
name  of  "Acute  Septic  laflammntions  of  the  Throat  and  Neck."  the 
nature  of  the  particular  pulhogenie  niicrojjrganism  that  19  causing 
the  diseaee  in  a  given  case,  and  although  as  yet  by  no  means  masters 
of  the  situation,  we  succeed  in  n  certain  number  of  these  cases, 
namely,  in  those  in  which  the  streptococcus  is  producing  the  septic 
inflammation  in  warding  oil  by  the  employment  of  an ti streptococcus 
scrum  the  otherwise  unavoidable  fatal  issue.  As  a  matter  of  fiwt.  on 
almost  unlimited  vista  of  further  progress  has  dawned  for  our  spe- 
cialties in  a  number  of  previously  most  intractable  affections  from 
the  rise  and  progress  of  bacteriology. 

iTUemal  Mtdicine.  On  the  connection  of  laryngology,  rhinology. 
and  otology  nnth  internal  medicine  it  is  practically  unnecessary  to 
dwell.  Wiil.st  there  is,  needlesn  to  say,  a  number  of  local  diseases  of 
these  orgnns  strictly  limited  to  them,  in  another  large  and  importaat 
numlier  the  affection  for  which  the  aid  of  the  specialist  is  sought  is 
only  part  and  parcel  of  a  systemic  disease,  and  as  I  have  endeav- 
ored to  show  on  another  occasion,  it  would  seem  high  time  that 
not  only  the  public,  which  has  rushed  to  the  conclusion  that  all 
affections  of  the  throat,  nose,  and  ear  ought  to  be  treated  locally,  but 
also  Bnme  enthusiaMic  specialists  should  come  to  understand  that  ia 
such  ca^B  not  so  much  local  as  constitutional  treatment  is  indicated. 
Tlierc  are  numbers  of  oises  of  general  anomia.  of  periodical  disturb- 
ance of  the  circulation,  of  general  plethora,  nf  nervous  irritability, 
of  gout,  in  which,  without  any  actual  changes  existing  in  the  throat. 


I 


I 


RELATIONS  TO  OTHER  SCIENCES 


4ft9 


or  ear,  unpleatiant  sensations  are  experienced  in  these  parts, 
which  cun  only  be  effectually  treated  by  attendiiig  to  the  systemic 
conditiona  which  underlie  these  IochI  eoiiKUtions.  On  the  other  hand, 
Rctual  organic  lesiuns  occurring  in  these  parts  often  enoii(Eh  are  of  tbe 
greatest  importance  for  the  diugnosis  and  proper  tre&tmentof  grave 

^nerml  diseuvcM.  To  gi\-e  but  a  few  examples:  ptimlyKiH  of  one  vocul 
ird  may  for  a  long  time  be  the  only  actual  sign  discoverable,  with 

'the  means  at  present  at  our  command,  of  aneurism  of  the  aorta,  or 
of  other  medini^t inal  tumors,  of  affectionn  in  the  poeterinr  cavity  of 
the  flkull,  of  pleuritic  thickening  of  the  apex  of  the  right  lung,  of 
oaooer  of  the  ^llct,  and  a  host  uf  other  grave  orgutiic  affections;  cer- 
tain lar^'ngoocopic  appearance»  may  enable  us  to  diagnose  the  exist- 
tatc9  of  pulmonary  tuberculosis  at  a  time  when  all  other  agns  fall; 
Killian'K  bron<;hOBcopy,  one  of  the  most  valuable  modern  additions 
to  our  diagnostic  and  therapeutic  equipment,  permits  us  to  remove 
foreign  bodies  from  the  interior  of  even  smaller  brODchial  tubes  — 
chronic  obstruction  of  the  nose  undoubtedly  exerrises  a  very  unfav- 
orable influence  upon  the  genernl  health,  a  fact  which  ia  most  clearly 
demonstrated  by  the  surprising  improvement  of  well-being  which 
follows  removal  of  adenoid  vegetations  in  much-developed  cases  — 
a  cerebral  abscess  is  nowadays  known  to  be  much  more  frequently 
due  than  was  sunpeeled  only  a  few  years  ago  to  diseases  of  the  middle 
car  and  mastoid  process,  and  has  become  infinitely  more  accessible 
to  treatment  than  one  could  venture  to  hope  in  previous  timex.  1 
may  further  remind  you  of  the  fretjuency  with  which  the  throat,  nose, 
and  ear  are  affected  In  Infectious  dieoasea,  euch  aa  meaflles,  scarlet 
fever,  small-pox,  typhoid,  and  influenza;  again,  of  the  naftnife8t(i.linnB 
of  ROUt,  rheumatism,  and  syphilis  in  these  parts,  and  this  hat  could  be 
ea^y  extended.  The  ahoveexamples,  however,  will  suffice,  I  hope, 
to  show  the  intimacy  of  the  relations  between  our  specialties  and 
internal  medicine. 

Surgery.  If  1  just  said  that  it  was  almost  superfluous  to  insist  on 
the  intimacy  of  our  relations  with  internal  medicine,  this  certainly 
applies  in  an  even  higher  degree  to  their  connection  with  surgery,  for 
indeed  they  are  daily  beetnning  more  and  more  branches  of  Ktirgery 
itaelf.  I  have  on  another  occasion  stated  my  own  conviction  that  it 
is  in  the  nature  of  things,  when  a  part  of  the  human  body  has  been 
made  more  accessible  to  eye  and  hand  by  the  progress  of  science,  that 
the  treatment  of  uSTcctions  of  that  part  should  gmduully  change  from 
the  medical  to  the  surgical  side.  So  much  has  this  been  the  ease  of 
j       late  with  regard  to  the  development  of  laryngology,  otology,  and 

trhinology.  that  if  there  be  any  danger  in  its  further  progress  it  would 
Kitainly  not  be  in  the  direction  of  underrating  but  of  o\-er-emphasi)!- 
Ing  the  ide.i  that  the  existence  of  an  affection  of  the  ear,  nose,  and 
thnwt  mutt  be  invariably  associated  with  the  idea  of  surreal  Inter- 
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fcrenc«.  However,  tbie  is  a  subject  on  whJcb  I  have  no  wish  to  dn'cll 
HKain  on  this  oecaBion,  and  I  much  rather  reooitnizie  the  brilliant 
progress  made  of  late  years  —  and  1  may  proudly  add  mostly  by 
specialists  —  in  the  surgical  treatment  of  the  early  stages  of  lar^-ogenl 
cancer  by  Ihyrotomy,  of  affections  of  the  aoueesory  cavities,  and 
of  deviations  of  thv  Ecptum  of  the  noec  in  the  radical  treatment  of 
mantoid  dinease,  and  in  the  removal  of  foreign  bodies  from  (he 
hroiiohi  and  eaophagua.  All  these  aohievomonta  belong  to  the  veri- 
tablo  triumpha  of  cuntempuranuoua  c-urgcr)*. 

Chiidrcn's  Diavaatt.  The  large  proportion  of  children  seen  in  the 
out-patients'  room  and  at  the  private  consultations  of  specialists  for 
throat,  nose,  and  ear  affections  beare eloquent  testimony  to  the  close 
associations  bet-vveen  diseases  peculiar  to  childhood  and  affections  of 
the  auditorj-  and  upper  respiratory  tract.  Here,  of  course, in  the  firet 
place,  adenoid  vegetations  and  their  far-reaching  influence  upon 
general  de%-e1opment  haxD  to  be  mentioned,  an  influence  of  vrhiob  it 
may  only  he  devoutly  hoped  that  it  should  not  be  ovfrstalcd.  But 
there  are  additionally  the  infectious  diseases  of  cluldliood,  in  the 
course  of  which  complications  on  the  part  of  the  ears,  the  throat,  and 
the  nofte  play  a  large  rSle.  It  is  pleasant  to  note  how  much  more 
attention  is  paid  to  the  condition  of  the  upper  respiratory  tract  and 
the  eara  of  children  by  Government  and  public  health  officers  thaa 
vti»  the  case  only  a  few  years  ago,  and  to  read  of  the  increased  fre- 
quency of  the  examination  of  school-childreu  with  regard  to  their 
hearing  and  breathing  powers  in  different,  countries  of  the  world. 
That  is  certainly  the  proper  way  to  promote  the  health  of  the  com- 
mvmity. 

Opiithalmohgy.  Wtiilsl  in  this  country  for  a  number  of  years  the 
specialistic  treatment  of  affections  of  the  eye,  throat,  ear,  and  now 
ha.'  frequently  been  combined  on  one  hand,  both  in  piHvate  practiee 
and  in  hospitals,  it  is  only  comparatively  recently  that  attention  has 
been  more  prominently  directed  towards  the  close  association  of 
affections  of  the  eyes  and  nose.  The  pioneer  in  this  direction  ban 
undoubtedly  been  Dr.  Ziem  of  Danzig.  But  much  has  been  teamed 
regarding  the  importance  of  this  connection  since  he  published  his 
first  paper  about  twenty  yearn  ago.  The  reader  who  has  not  himself 
worked  on  the  subject  will  be  surprised  to  learn  from  the  receat 
brilliant  contribution  to  this  question  from  the  pen  of  Professor 
Schmiegclow  of  Copenhagen  how  much  more  has  been  done  in  this 
field  mnce  Ziem's  first  investigations  were  published  and  how  much 
more  remains  to  be  done. 

Drrmatotoffy  and  Hi/philiiu:  Disraaea.  Here  again  the  close  con- 
nection between  manifestations  on  the  external  integument  and 
similar  ones  on  the  mucous  membranes  is  a  well-efltablished  fact. 
Tho  chapter  on  sjF-philis  of  the  throut,  nose,  and  ear  la  one  of  the  mo»t 
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important  in  our  field,  and  the  possibility  of  8>T>hiUs  must  be  olwaya 
kept  in  view  in  tlie  event  of  our  meeling  ivitli  any  obttcure  afTertioa. 
On  tb«  other  htuid.  eruptions  on  the  mucous  mcmbrftncs  of  the 
phm^'nx,  noi4e,  anil  larynx  not  only  accompany  in  a  number  of  casus 
analogouj  skin  affectioiifl,  but  niay  precede  .luch  external  mfinifest- 
Uions  or  even  rcmftin  for  a  long  time  limited  to  the  mucous  cover- 
ings.  Thus  lupus,  hcrpcii,  pemphigus,  lichen,  sad  &  host  of  other 
eruptions  sometimes  occur  first  ia  the  part-s  intrusted  to  our  care 
and  may  baffle  the  s]ii-ci»li»t  whose  knowknlge  of  «kiu  diseases  ts 
I  limited. 

Pt'eurology  and  Mental  Di*ea9e9.    When  discussing  the  relations 
I  of  our  specialties  with  iDtcmal  medicine  I  have  already  incidentally 
'  mentioned  the  significance  of  lar>-nKcal  paralysis  for  the  diagnosis  of 
some  of  the  gravest  intrathoracic  diseases.    It  is,  however,  not  ouly 
in  connet'tinii  with  tliette  hut  with  numerous  afTection»  of  the  central 
nervous  system   that    laryngology  is  of  the  greatest   importance 
ncurolog;,'.    The  discoven."  of  u  larj-ngctd  psirulysis  may  be  for 
t'long  time  the  first  sign  of  the  existence  of  organic  centra]  ner^-oU8 
disease,  and  io  no  sfFection  U  tliia  moie  clearly  abonTi  than  to  tabes 
dorsalis.   Agak,  neuroses  of  the  olfactory  nerve  not  rarely  accom- 
pany important  intracranial  afi'ectionif.    Thus  ano&mia  may  occur  in 
rhysteria,  basilar  meningitis,  and  locomotor  ataxy,  and  parownia 
may  be  met  with  in  hysteria,  epilcpay,  hypochondriasis,  or  may 
precede  mcutnl  disturbiiaces  of  an  even  graver  cliursicler.    AlleetiouJt 
I  of  the  inner  ear  and  of  the  audiloiy  nerve  occur  in  many  diseases 
I  of  the  central  nervous  system.    Auditory  halluciuations,  such  asthe 
h<>a]-ing  of  voices,  may  accompany  or  even  uBhcr  in  different  forms 
|iDf  insanity,  and  symptoma  of   Meniere's  di-sease    probably  come 
as  often  under  the  observation  of  the  neurolo^st  us  of  that  of  the 
aurint . 

I  forbear  from  entering  upon  a  further  enumeration  of  the  branches 
'of  medicine  with  which  our  specialties  have  points  of  interest  in 
[common.   My  list  is  by  no  means  exhausted,  and  i  may  a.t  a  proof  of 
this  remind  you  of  the  connection  between  them  and  dentistry,  the 
[point  of  contact  being  thenSoctions  of  the  antrum  of  Highmore,but 
'  in  truth  it  may  be  said  that  there  is  hardly  one  single  branch  of  medi- 
cine which  does  not  necasionnlly  come  into  touch  with  laryngological, 
rliinoiogical,  or  otologica!  interests. 

In  conclusion  1  should  imve  liked  to  dwell  upon  the  relations  of  the 
three  specialties  to  one  another,  &  question  on  which  I  hold  \'iew8  of 
my  own.  But  apart  from  the  need  of  keeping  my  own  observalionfl 
within  the  limits  of  Ihc  time  (Specified,  it  would  be  out  of  place  to 
[introduce  conlroverKial  matters  into  an  address  of  this  kind;  and 
further  1  have  on  more  than  one  previous  occaBion  stated  my 
opinions  oa  thi«  most  important  topic  as  clearly  as  I  could. 
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And  now,  geottemen,  Ihat  I  am  at  tbe  end  of  my  task,  let  me  say 
that  nobody  could  be  more  painfully  consciouis  tbaa  1  am  how  m- 
completely  I  have  fulfilled  it.  I  had  intended  to  bring  before  you  a 
picture  full  of  life,  and  on  lotdcing  back  1  have  to  confess  to  myself 
that  I  have  offered  you  little  mure  lliaa  a  frumcwork  ttie  details  of 
whicli  mURl  l>e  tilled  by  your  owd  knowledge  imd  imagination.  I  bad 
hoped  to  give  you  chapter  and  verae  for  e\'ery  statement  I  have  made, 
and  1  aec  that  my  paper  ie  little  more  than  a  sort  of  catalogue  under 
the  headings  of  which  only  indications  but  do  claborutiuti^  could  bv 
ffvea. 

But  whilBt  tmre8er\*edly  recognizing  these  ahortcomings,  I  trust 
I  may  justly  plead  thitt  the  subjuct  t-ontided  to  aic  is  one  of  Kiicb 
magnitude  that  K-ithin  the  limit  of  lime  necetis&rily  imposed  upon 
me  it  vias  well-nigh  impocsible  to  do  full  justice  to  it.  Yet  incom- 
plete «.»  my  ex ;)Oi<iti<.m  h»»  been,  I  venture  to  hope  that  it  hiw  illutt- 
(rated  by  the  demonstration  of  the  intimato  connection  of  lar>'ngo- 
logy,  otology,  and  rhinolog>*  with  human  activity  in  no  many  other 
branches  of  Art  and  Science,  the  truth  of  Ooelhe's  inuuortal  dictum: 

Tnil)-  thn  (dbn-c  of  mental  Uriotxi 
Kctwmlik*  n  weaver's  nuutcrpiMe, 

WluTf  a  tliotUAitd  threttdd  on«  tivMUe  titrows, 
When  fly  theahuttlGe  hither  and  iliitlier, 
Unseeo  the  tliread§  arc  knit  tocctlier, 

Aiid  nil  infinite  ccinitiiiuitlun  k^u*^! 

and  that  it  has  mori*  than  justified  the  wanting  wordi)  of  my  great 
teacher  Virehow,  which  I  have  quoted  at  the  Wginning  of  this 
addr(!H8: 

That  HO  s[>ec)nlly  can  flourish  which  )<cpjtr«te«  itself  completely 
from  the  general  hotly  of  Science;  that  nn  specialty  can  develop 
usefully  and  lienoficially  if  it  does  not.  ever  and  ever  again  drink  from 
the  general  fount,  if  it  does  not  remain  in  relationship  with  other 
epcciftltjea,  so  that  we  all  help  one  another,  and  thereby  preser^-c  for 
Science,  at  any  rate,  even  if  it  should  not  be  ncce.ssar>'  for  Practice, 
that  unity  on  whirh  our  position  rests  intrinsically,  and,  I  may  wcH 
gay  also,  with  regard  to  the  outer  world. 
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FaonaBOB  H.  ZwAAftuEMASCU,  of  UlnM^ht,  HoHitnil.  contribute]  xo  intemiting 
paper  oa  "Die  VoliniriiuiiK  dcr  GchOnch&rfc  mitlcLii  nostcrepT&che."* 
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(HoA  7,  Stjilmbrr  31, 3  p.  m.) 

Cbairuam:  PitonMOR  Thouas  M.  Rotch,  HAi-v-ard  Univcreitr. 
Spuunn:  PRorsuoit  Theokork  Escbericu.  Univpniity  of  Vtennil. 
Psonaaon  Abrailui  Jacobi,  Columbia  Univenity- 
Sxcun-AST:  Dk.  SjludkL  S.  Aoaus,  WosHrngton,  D.  C. 


Professor  Thomas    M.  Rotch,  of  Ilarvard  Univeraity,  Chair- 
man of  the  Section  of  Pediatrics,  spoke  bb  follows: 

"  In  opening  the  Section  of  Pediatrics  I  meh  to  express  the  great 
pleasure  which  I  feol  in  welcoming  to  St,  Louis  ao  nmny  repreacnt- 
atives  from  different  piuts  of  the  world  who  have  come  here  this 
aftemooD  on  accouat  of  their  interest  in  the  study  of  oliildrea  aud 
their  diseases.  ]t  is  remiirk&ble  that  a  more  thorough  iovcBtigntioa 
of  the  early  jieriods  of  life  has  for  no  many  years  been  neglected  in  all 
the  great  medical  centres  where  other  branches  of  medicine  havo 
been  ftu  thoroughly  studied  and  in  which  such  great  iidvances  have 
been  made.  It  would  seem  that  it  should  be  the  very  beginuiiig  of 
human  life  which  should  be  first  understood  and  worked  over  before 
it  would  be  deemed  possible  to  understand  the  later  and  more  devel- 
oped periods  of  life  and  those  periods  in  which  retrograde  metamor- 
phneus  takes  place  preparatory  to  and  in  the  midst  of  old  &gB.  It  is 
a  fact,  however,  that  for  some  reason  less  interest  has  been  taken  in 
tbcBe  early  periods  of  life  than  in  the  later  ones  aud  that  Bome  twenty 
or  thirty  years  ago  pediatrics  was  seldom  spoken  of,  muoh  less  under- 
stood. In  the  last  few  years,  however,  the  world  haa  begun  to  ap- 
preciate that  if  we  would  have  a  strong  race  of  adults,  both  men 
and  women,  capable  of  doing  their  work  in  the  world  in  the  best 
way  according  to  their  sex,  the  preparation  for  such  work  should  bo 
begun  in  the  very  earliest  days  of  life. 

la  accordance  with  this  idea  it  is  now  well  understood  that  espe- 
cial knowledge  in  regard  to  feeding  Infant  human  beings  is  essvotiul 
to  their  proper  development  and  their  vigor.  In  response  lo  this 
tendency  of  modem  thought  and  to  the  demand  which  the  laity  is 
making  for  a  clitss  of  men  who  feel  the  great  responsibility  ■which 
is  connected  with  the  care  of  children,  especial  attention  is  now 
given  to  their  study  in  health  and  disease.  A  most  remarkable 
impetus  has  taken  place  in  the  study  of  pediatrics,  new  text-books, 
numerous  special  joumala  and  medical  sooietios  devoted  to  the  sub- 
ject of  pediatrics  are  becoming  more  and  more  prominent  and  great 
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changes  have  taken  place  in  the  curriculum  of  most  of  the  lar^ 
medical  schools  throughout  the  world.  Following  aa  I  have  the 
growth  oi  this  important  subject  for  the  past  twenty  years  I  am  con- 
vinced that  the  same  time,  care,  and  patient  research  should  be 
given  to  the  study  of  pediatrics  as  to  any  other  important  branch  of 
medicine.  The  student  should  first  acquire  a  complete  knowledge  of 
the  anatomy,  phymology,  and  progressive  development  of  the  new- 
bom  human  being  in  the  stages  of  infancy,  during  the  first  year,  and 
the  changes  from  infancy  to  early  childhood  in  the  second  year,  and 
the  various  changes  so  significant  in  middle  and  later  childhood.  I 
believe  that  a  thorough  knowledge  of  the  infant  and  child  in  health 
is  a  prerequisite  to  the  proper  appreciation  of  the  conditions  which 
occur  in  that  child  in  sickness  and  for  the  possibility  of  the  intelli- 
gent treatment  of  such  conditions. 

The  great  r61e  which  the  sensitive,  ill-developed,  and  unstable 
nervous  system  plays  in  its  many  manifestations  both  in  health  and 
disease  shows  us  unquestionably  how  only  by  untiring  appUcation, 
patience,  and  thought  can  we  hope  to  produce  such  great  results  in 
the  treatment  of  the  young  as  have  already  been  accomplished  in 
that  of  adults. 
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BT   TEEODOBS    VON    E&CB&RICH 

(Theodore  Esch«rich,  ni>irukr  ProftiSBor  of  Children's  DiscMee.  t'DtVMsitjr  of 
Victiiiu;  Din-ctor  of  St.  Aim's  Ctiild  Uuftpital.  Vivnua.  nine*  lOO^,  b.  Aua- 
l»ch,  Ki\v»riji,  XovemlR-r  20,  1857.  CiradiisUi,  WOrKbiirg  Oymnasiiim,  I9T6; 
fltudiod  lit  Kirl,  Stra»V>uriR;,  IVHin,  WOrihuf^;  Awistant  in  thi<  KIrdimt 
Clinic  of  I'rofcssor  C.  Gcrharxit.  Wurxbuig,  1S80-S2;  AMistunt,  Unmcr  Cliild 
Hospital,  Miinid),  JSB&Sfl;  Trivdl  ilnocnt  of  Chudren'e  DiBcnscs,  I'niviT- 
•iU  of  Mtiiiit-ti,  l>U46-9fi;  :S;<Pci:ul  frofciuMrof  Chtldrvn's  Diimiai«.  Gmx,  ISftO- 
1902.  McmlnTuf  Pi%li;irriL-,S<icu?ly.Ai'jiiJ(iiny  of  Seirtoce.Sl.  Luuia;  (ilonorurvt 
Society  tit  Swcdiuli  Ph>-»iciiin»,  etc.  Author  of  Baeleria  of  the  Intt^anli  of  fn- 
jaidt:  Croup;  Dtphlheria ;  Serum  Thempic  Digtaivf  Disor^^rain  InlarUy  .*  aud 
numerous  otlwr  ivorks  und  papers  uii  cliildn'ti's  diMU«eii.] 

Pediatrics,  as  far  as  it  is  coDnect«d  with  <lirectionB  as  to  the  care 
of  th«  ncw-bom  and  nurslings,  bcloiigi"  veUh  raidwifrry  lo  the  oldest 
branches  uf  miKlicine;  bui  in  its  iicientitic  development  it  is  umoiiK 
the  youngest.  Not  until  the  end  of  the  eighteenth  century  did  it 
!«ep«r«te  itaelf  ifuflri(.>icntly  from  tbe  trtttomeU  of  r>bstofric8  (o  iillow 
lh«  firct  independent  book  on  the  diseaees  of  the  new-born  and  chil- 
dren, the  well-known  work  of  Rnsenstein,  to  uppeur.  Thia  contains, 
AS  do  similar  workci  which  ajipeared  in  the  next  few  years,  an  unnv)*- 
teoutic  necount  of  the  diseased  cooditioDs  occurring  in  or  peculiar 
to  children,  and  umongthcso  only  thuBcvi'ith  evident  symptoiiu?  and 
concrete  changes  found  especial  or  detailed  con.'*ideration.  It  was  not 
until  the  French  Revolution  that  the  new  sehoot  of  medicine  came 
into  existence,  and  it  wc  muRt  tbunk  for  the  creation  of  scientific 
pediatrics  aa  well  as  for  the  birth  of  modem  medicine. 

We  will  seek  to  sketch  in  a  few  worde  the  origin  and  chnnges  (vf  the 
leading  ideas  up  to  the  present  time,  as  this  best  Kives  the  trend 
which  further  development  will  take  in  the  near  future. 

Liberation  from  the  ban  of  natural  philo.'inphy  and  humoral 
pathology  was  brought  about  by  the  sobering  influence  of  palho- 
liipc  nnntoiny,  which  pi>in1ed  in  no  uncertain  way  to  visible  changes 
in  individual  orRans  v.s  the  oripn  and  seat  of  diseases.  Bilhird  is 
the  most  brilliant  example  of  this  school,  which  erected  a  clinical 
stniclure  as  a  onmnicntnry  to  the  anatomic  changes  determined 
by  extremely  numerous  and  ciirefully  jjerformed  autopaies. 

The  lesinnB  themaelvcB  he  considered  in  Broussaia'  sense  only  as 
different  gradew  of  inflammation,  an'!  although  to  this  day  bis  work 
is  still  a  mine  of  important  »nd  useful  facts,  it  is  clear  that  this 
dcver  conception  could  not  by  itself  fulfill  our  practical  needs,  at 
least  not  in  childhood,  where  the  short,  duration  of  diseases  generally 
prevents  the  occurrence  of  extreme  anatomic  changes,  and  where 
even  to-day,  with  the  help  of  microscopic  and  bactcriologic  methods, 
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we  are  oft«a  at  a  loss  to  briug  the  autopsy  fiudinga  iuto  agpreement 
with  the  clinicul  course.  This  lack  of  iigreement  is  most  marked  in  the 
domain  of  the  diseases  of  the  gastro-inteslinal  tract  in  infancy,  and  it 
was  on  them  that  the  oppoeitioD,  keenly  led  by  Uarrier,  efltablished 
tbe  "Diacrisifl  doctrinii,"  with  which  they  stcored  back  agaia  into 
the  sea  of  humoral  i>athuIog>'. 

UDiofluenced  by  these  theoretic  discussoae,  however,  \KAh  parties 
labored  to  develop  the  new  science  w-ith  the  newly  ditwovvred  nicthods 
of  exat^t  investigation  of  (liKOaees  and  the  untrod  realm  of  stalistios, 
and  thiis  they  creat«d-tbe  basis  of  a  special  pathology  and  therapy  of 
childhood,  of  which  the  work  of  Rillict  and  B»rthcx  fomw  a  model 
presentation  of  the  wholo  subject.  With  these  men  the  French  school 
of  pediatry  coased  to  occupy  the  leading  potution  which  it  had  beld. 
The  Vienna  school  becaine  its  heir  jusl  as  in  the  realm  of  internal 
medicine,  where  under  the  powerful  influence  of  Hokitansky  and 
Skoda  the  name  favorable  conditions  for  development  existed.  Here 
also  tbe  cltiitcal  study  was  mn!<ily  founded  on  the  hasii)  of  pathologic 
floatomy,  as  may  be  learned  from  the  excellent  work  of  Bodnar. 
Ucber  die  Krankktiten  des  Hcugciiartncn  und  Saiiglings  (On  the  Dis- 
eases oj  New-bom  and  Infants),  and  the  important  ntudies  of  Hitler 
of  I*rttgiie.  At  the  same  time  clinienl  gymptomatologj-  and  casuistry 
were  dcvx'lopcd  in  the  newly  cre(:t«d  clinic  of  the  Si,  Anna  Kind- 
erspital  in  Vienna  under  Mayr  and  his  disciple  and  succeaeor.  Wider- 
hofer.  and  the  clinical  types  of  disease  were  determined  canclufdvely 
from  the  ample  material.  In  a  amilar  manner  worked  Henoch  in 
Berlin,  West  in  London,  and  Filatow  in  Moscow,  so  that  hI  the  end  of 
this  iJeriod  the  clinical  knowledjie  and  syniptomatoloKy  of  pediatries 
were  developed  as  far  as  it  was  possible  with  the  simpler  methods  of 
investij^alion. 

However  important  this  brilliant  rlinieal  development  and  the 
sharp  definition  of  its  scparatene^  was  for  the  recognition  of  pedi- 
atrics as  a  di.'>tinct  science, still  following  thi!<  direction  n  de»d  point 
was  soon  reiiehed,  from  which  a  new  route  had  to  be  opened  up  if 
dullnejw  and  routine  were  not  to  take  the  place  of  scientific  iovesti- 
gatiin  Willi  this,  Gemriftn  pediatrics  in  the  narrower  sense  of  the 
word  came  into  the  foreground.  At  first  it  had  ( o  struggle  with  gr«at 
difficulties  on  account  of  the  lark  of  separate  children's  hofipitaU  and 
of  government  aid,  and  in  the  first  half  of  the  century  it  was  almost 
entirely  under  French  influence.  Later  the  pecuhar  organizatiott  of 
uni^-ersily  poHclinica,  which  were  charged  with  the  instruction  in 
pediatrics,  brought  it  about  that  the  care  of  pediatrics  fell  to  the 
represent flti\*e9  of  intemnl  medicine.  I  will  mention  here  only  the 
name  of  Gerhardt,  the  founder  of  German  [>ediatricK. 

It  lay  in  the  nature  of  this  relation  that  in  Germany,  in  a  certain 
ooDtrast  to  the  French  and  Austrian  schools,  the  common  points  of 
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contact  with  internal  medicine  and  the  diseases  of  later  childhood 
closely  related  to  the  same  were  preferably  studied. 

Even  though  the  creation  of  independent  chairs  of  pediatrics  in  the 
German  universities  was  improperly  delayed  by  this  relalicm,  it  had 
Ibe  advantitge  that  the  estfihlishmenl  of  the  rapidly  jtrow-inR  natural 
Boienees  which  was  taking  place  at  this  period  under  the  influence  of 
German  internists  came  immediately  and  quickly  to  the  8er\ice  of 
tbe  clinic  of  children 'a  diseases.  The  clearer  knowledge  of  (he  dittsaM 
processes  made  possible  thereby  emphasized  more  uod  more  the 
identity  of  most  of  the  diaeatwa  occurring  in  children  and  in  adults, 
and  led  them  to  seek  the  explanation  of  their  differences  in  the  pecu- 
liar characteristic:*  of  the  ynuthftil  organittni.  Of  special  importance 
from  thia  standpoint  is  the  study  of  artificial  feedinr;  carried  on  with 
such  great  energy  by  German  authore  (IJiedert);  this  demonstrated 
in  the  most  convincing  manner  the  unfinished  condition  of  the  in- 
fantile diReKlive  organs  and  the  consequences  arisirR  therefrom.  On 
this  ba«s  the  modem  German  school  developed,  which,  by  means  of 
the  meihodo  ih-veloiied  e.tpecially  in  internal  medicine,  miw  the  iiim 
of  modem  pediatrics  in  the  investigation  of  those  physiologic-  pecu- 
liarities of  the  ehildish  orKatiium,  which  cau«!  the  HiffcrcnceH  between 
its  reaction  under  physiologic  and  pathologic  condition:*,  anil  that 
obsen'cd  in  adults.  Recently  the  term  pathologic  physiology  of 
childhood  has  been  uacd  for  this  Bciencc.  A  ainiilar  road  is  being 
tra\-erfle<l  by  the  rising  school  of  American  pediatry;  under  the 
leadership  of  Jacobi  it  has  attached  itself  elosely  to  the  doctrines  of 
the  Gcnnnn  school. 

Thus  we  see  the  problems  of  pediatrics  extended  from  an  inventi- 
gation  of  diseased  processes  peculiar  tfl  childhood,  as  concei%'ed  by 
the  older  pediatrists,  to  a  general  consideration  of  all  pathologic 
conditions  occurring  during  this  period  of  life.  If  I  characterize  this 
as  the  current  nilinK  at  present  and  consider  It  the  problem  of  the 
immediate  future  for  pediatrics,  it  must  also  be  stated  that  the 
solution  of  the  part  of  this  tusk  belonging  to  physiology  or  general 
patholog>-  ia  not  a  problem  for  the  pediatrist  alone,  hut  can  only  lie 
taken  up  successfully  if  assietance  is  had  from  workers  in  other  lineB. 
It  is  recognized  that  pediatrics  has  at  all  times  taken  an  active  and 
useful  part  in  the  building-up  of  general  medicine  and  in  the  working- 
out  of  qucBtions  of  special  clinical  interest,  which  has  been  made 
possible  to  ft  great  degree  by  tbe  peculiarity  of  its  nmterial. 

Of  the  greatest  importance  for  the  development  of  modem  pedi- 
atrics has  been  the  introduction  of  exact  methods  of  clinical  dia- 
gnoris,  vhich  developed  in  the  middle  of  last  century  with  the 
great  renaisaancc  of  the  exact  sciences.  If  this  revolution  wa*  of 
great  aid  in  the  study  of  diseases  of  adults,  how  much  more  for  those 
of  early  infancy,  in  which  subjective  statenieiita  and  so  many  other 
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(liagnoBtic  helps  are  Invking.  luid  t.ho  physiciaD  is  almost  entirely 
dependent  on  the  informatiun  lierivetl  from  objective  plieiiomeDa. 
Tlie  intnxliu'tioD  into  pediatrics  of  percussion  ajid  auscult-ation.  ao 
necessary  to  th«  knuwiodgc  of  lung  nnd  hcnrt  discASCs,  took  plnce 
relatively  late  and  slowly.  Not  until  in  the  fortiea  were  they  used 
systematically,  especially  by  German  physicians,  to  whom  we  must 
also  he  thitnkfid  for  the  only  Iwok  (Snhli)  devoted  exclusively  to 
perrURBion  of  the  organs  in  cliildliood. 

Of  scarcely  less  importance  in  diagnosis  wns  the  adoption  of  the 
thermometer,  whieli,  especially  in  tlie  forms  of  rectal  mcasuremonts, 
can  be  UBcd  eo  eaaly  in  children .  ovon  by  the  Inity.  This  last  fact  has 
made  it  a  spccinlly  importunt  and  reliable  tnntnimcnt.  Evi>n  though 
the  firet  tliennometric  researches  were  made  by  Roger,  the  develop- 
ment of  the  tcchnie  and  the  working-out  of  typic  fcvor  curve*  U 
B  merit  of  the  German  school,  especially  that  of  the  University  of 
Leipsic.  Together  with  inspeotion  and  palpation,  methods  which 
were  always  used,  percussion,  auscultation,  and  thermometiy  form 
the  trio  which  is  iniUspensable  in  the  examination  of  every  child, 
and  makes  possible  the  certain  diapioais  of  many  previously  unrecog- 
nixed  diseiuses.  The  endoscopic  methods  are  used  wherever  tha 
tcchjiical  accomplishment  in  children  is  pusaibte.  By  far  tlie  most 
imporlanl  ie  the  inspection  of  the  throat  and  mouth,  as  well  as  ibe 
examination  of  the  ear,  all  of  which  are  comparatively  easy  to  prac- 
tice, wliile  the  laryngoscopic  and  opthalmoscopic  methoda  are  more 
rarely  used.  Elcctrii;  cxuminution  also  belongs  to  the  physical 
methods  of  examination  which  are  only  used  under  exceptional  cir- 
cumstances, but  the  importance  of  which  has  been  increased  by  the 
diBcover>'  of  the  frequent  increase  of  electric  exeitability  in  early 
childhood,  and  radioacopic  investigation,  wliich  permits  a  previously 
unsuspected  insight  into  the  conditions  of  the  bony  dewlopment  as 
well  as  the  changes  in  the  more  deeply  situated  heart  and  lungs. 

Aspiration  of  patholo^c  fluids,  introduced  by  Dieulafoy,  is  an 
especially  UKCfut  and  valuable  method  in  childhood,  and  t«  it  lumbar 
puncture  introduced  by  Quincke  has  been  added.  We  may  say  that 
the  manifold  varieties  of  the  processuu  occurring  in  the  meninges  have 
only  been  made  manifest  by  the  latter.  Other  methods,  especially 
the  graphic,  are  for  evident  reasons  less  used  in  children,  aUhough 
certain  authors  (RauchfuM)  have  succeede<l  in  overcoming  the 
difficulties.  On  the  other  hand  the  histologic  methods  of  investiga- 
tion arc  made  of  great  importance  by  the  number  and  variety  of  the 
anemic  states,  aHhough  our  knowledge  of  the  pathogenesis  of  these 
diseases  has  not  been  very  much  advanced  thereby. 

In  contrast  to  the  physical  mcthodti  whose  tcchntc  i»  generally 
simple,  permitting  a  relatively  rapid  development  of  the  realms  of 
knowledge  opened  up  by  them,  arc  the  chomic  methods,  which  are 
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Mill  undeveloped  in  spite  of  the  high  development  of  organic  chemis- 
try. The  subjects  of  rhemic  investigation  ar«  especially  t,lie  exereta 
of  the  body,  the  urine  sod  the  foceB.  Tlie  study  of  uriuo  hay  for  a  long 
time,  at  least  in  early  infancy,  been  improperly  neglected  un  accoiiDt 
of  the  difTiCliUy  in  collecting  it.  Thanks  to  Kjelberg's  suggestion  the 
catheter  is  now  more  frequently  used  for  the  collection  of  urine, 
especially  in  girls,  ivhilc  in  boys  we  uee  the  Ruudoitz  uiinul.  As 
a  result  unexpected  frequency  and  variety  of  albumin,  in  the  study  of 
which  Heubncr  has  done  especial  service.  AJ-^o  the  preseneo  of  other 
Bubetanceti  useful  in  diagnosis;  the  substances  Bhovra  by  Ebrlich'a 
dia20  reactitMi,  acetone,  diacctic  acid,  etc.,  were  found  in  children  of 
all  ages.  Ae  regards  the  morphologic  elements,  not  eonsideriiig  the 
verj'  great  frequency  of  blood  and  tube  casts,  we  will  only  mention 
the  presence  of  bladder  and  kidney  epithelium,  tm  well  us  of  bnctcria 
(l|[enerally  colon  bacilli),  as  an  expression  of  infection  of  rhe  urinary 
tract  occurring  especially  often  in  girls.  The  use  of  the  centrifuge  in 
all  tbeic  examinatioDs  is  very  advantageous.  Another  very  promis- 
ing method  is  the  freexing- point  determination,  introduced  into 
clinical  medicine  by  Kornnyi;  it  has  been  used  repeatedly  in  pedia- 
trics, in  ihe  study  of  the  milk  as  well  as  the  ui-in*;. 

Tlie  collection  of  the  etools  is  much  easier  than  of  the  urine,  at 
least  in  nurslings;  they  also  offer  much  more  favorable  opportuni- 
ties for  diagtioeda  and  analysis  than  do  the  hIooIs  of  adults.  White  in 
the  latter  it  is  a  mass  of  stinking  putrcfactjon.  composed  of  a  third  of 
bacteria,  in  the  nursling,  the  stool  on  account  of  the  much  shorter 
intestinal  tract  is  comparable  to  that  obtained  from  a  Gslula  of  the 
^niall  intestine  and  shon-s,  Ukc  the  content:;  of  the  small  intestine, 
acid  reaction,  no  putrefaction, and  comparatively  few  bacteria;  food 
constituents  if  found  in  it  at  all  are  found  in  relatively  slightly  altered 
condition,  .\nothor  factor  which  considerably  increases  the  diagnos- 
tic importance  of  the  nursling's  stool  is  the  ainiilarily  or  at  least 
very  limited  variation  in  the  character  of  the  food,  whereby  the 
determination  of  a  normal  stool  in  respect  to  color,  amount,  and 
cbemic  composition  is  rendered  possible.  For  this  reason  the  chemic 
analysis  of  the  stools  of  infants,  especially  tho»e  partaking  of  broast 
milk,  was  undertaken  comparatively  early  (Wegscheider) .  The  com- 
position of  the  bacterial  flora  was  studied  by  me,  by  Booker,  and 
more  lately  by  Tbsier,  who  points  with  right  to  the  importance  of  the 
anaerobes.  Thanks  to  thcso  conditions  we  are  able  to  dctermin© 
the  pathologLc  changes  in  the  digest!  reprocess  of  nuriilings  by  chemic 
and  bacteriologic  examination  of  their  stools  much  earlier  and  more 
exactly,  and  even  to  make  the  clinical  diagnosis  in  a  not  inconsider- 
able number  of  eases. 

The  iuveetigatlou  of  these  excreta  gains  much  in  importance 
because  their  analysis  enables  us  to  gain  an  insight  into  the  mcto- 
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bolic  procesafrs,  those  mysterious  procesBes,  vhieh  even  t)ioug:h  the; 
are  not  life  itself  are  at  least  the  source  of  its  strength  and  the  moet 
immediate  expresRion  of  its  activity.  Although  this  matter  is  eo 
veiy  import^jit,  for  the  study  of  growth  and  of  the  dyscr&aas 
occurring  so  frequently  tn  childhood,  it  bse  (miy  been  in  receot  years 
that  w-e  have  busied  ourselves  with  the  systematic  investigatiMi  of 
this  subject,  urged  oa  by  the  Breslau  scboot  (Czeroy).  In  spite  of 
the  careful  investigations  performed  by  Cumcrer  und  Heubaer  in 
the  realm  of  energia  only  the  first  s1«ps  have  been  taken  tovrard  the 
clearing-up  of  these  questions,  their  study  is  mode  very  hard  by  the 
unumu]  technical  difficulties  and  the  vulnerability  of  the  infantile 
organ  i  am. 

The  geience. however,  which  has  had  the  greatest  influence  upon  the 
development  of  pediatrics  is  that  which  hardly  twenty-fi^-e  yearn  ago 
proceeded  from  the  modest  workshops  of  Pasteur  and  Koch,  and 
ha«  von  in  this  short  time  so  overwhelming  an  influence  on  tnedieal 
thought  and  reeearch.  The  reasou  why  bacterioIog>-  is  of  such  great 
importance  t<»  pediatrics  is  that  in  no  other  period  of  life  do  the 
infectious  ditieaiies  take  so  great  a  part.  Moet  striking  from  this 
ittandpoint  isthe  earliest  infancy,  the  pathology  of  which  is  dominated 
by  the  septic  diwiftsc*  produced  by  the  widespread  bacteria  of  sup- 
puration. The  nature  of  these  di.4easej)  was  in  most  cases  first  recog- 
nized by  the  demonstration  of  these  eaaiy  cultivatfid  disease-breed- 
ers; in  this  field  Hutinci  and  t"ischl  have  rendered  the  best  servicee. 
Inrcstigatioii  in  the  realm  of  the  true  epidemic  diseases,  the  acute 
exanthemas  and  the  infections  of  mucous  membranes,  has  been  less 
successful,  but  the  example  of  the  diphtheria  bacillus,  discovered 
by  Loffler,  shows  how  great  a  furthering  of  clinical  and  therapeulie 
knowledge  is  to  be  expected  from  the  discovery  of  the  disease-pro- 
ducers. Also  the  discovery  that  not  a  few  infections  which  were 
formerly  observed  only  in  adults,  e.  g..  tetanus,  typhoid,  cerebro- 
spinal meningiti.<4.  dysenter>',  etc.,  occur  alito  in  early  childhood,  ins 
first  made  possible  by  the  bacteriologic  dem<wistralion  of  the  micro- 
organistna  concerned. 

Bacteriologic  diagnosia  received  an  important  enrichment  by 
the  use  of  the  reaction  products  of  the  organism  called  forth  by  the 
disease-process,  e.  g.,  the  agglutinins  of  typhoid  (Gruber,  Widal). 
This  method  may  serve  not  only  for  diagnostic  purposes,  but  also 
for  the  discorery  of  unknown  disease-producers,  t.  g.,  colon  infec- 
tion and  dysentery.  Jchle  has  demonstrated  in  my  clinic  the  agglu- 
tination of  pneumoeocci  by  the  serum  of  pneumonia  patients  al- 
ready in  the  first  days  of  the  disease,  and  lately  it  has  boon  made 
possible  to  isolate  the  streptococcus  of  scarlatinal  angina,  which 
is  agglutinated  by  scarlatina  immune  serum  in  very  high  dilution. 

Apart  from  this,  we  receive  through  it  an  tmauspcctod  look  into 
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the  healing  processes  and  protective  mccbaoimnB  of  nature,  which 
are  alreod}'  present  in  cliildhoud,  and  whiNim  further  study  proniiRes 
important  revelatioDs  coooeroing  the  peculiarity  of  these  diacases 
or  childhood. 

These  (acts,  discovered  in  the  course  of  the  last  decadoB  hy  the 
use  of  scientific  methods,  h&ve  considerably  extended  and  cE&ri&ed 
the  study  of  pediatrics.  In  place  of  the  oompjirutively  snmll  num- 
ber of  dieeases  recogiiiiable  by  evident  characteristics,  which  form 
the  contents  of  the  older  text-books,  modem  pcdiatrica  exhibits  a 
scientific  etructure,  including  all  disturbatices  of  Ou  Hje  jtrocesses, 
orranged  according  to  gcientifk  prifuiples,  and  in  Us  eompletfmfss  not 
rcacAed  by  any  other  sjKciaUy  in  medicine.  The  euusee  nf  diseases 
as  far  aa  they  are  based  on  exogeuoUA  agencies  are  the  same  in  chil- 
dren as  in  adults.  It  is  especially  bacteriologic  cxaininAtion,  which, 
being  in  a  portion  to  show  discajie-produrcrs  as  nuch,  has  aided 
condderably  in  showing  the  identity  of  di»eai>eB  which  are  often 
80  different  clinipally.  UnJortuimtely,  our  knowledge  is  not  suffi- 
ciently advanced  to  xoake  an  etiolo^c  grouping  the  sole  basis  of 
our  clussiScntion. 

Only  a  small  number  of  di-sea-ses  can  he  considered  peeuliar  to 
childhood,  because  they  are  caused  by  eventu  which  cannot  o[;cur 
in  the  life  of  uduItH.  Tliese  are  the  disturbuoccs  dopcodent  upon 
birth  and  on  the  change  from  intrn-uterine  to  extra-uterine  life,  as 
well  as  those  concerning  growth  and  developmetit.  lu  a  certain 
way  somewhat  iinalogoiis  to  the  occupation  dit^cnscs  of  adults 
are  here  to  be  reckoned  tlie  injurious  effects  of  school  attendance, 
as  well  as  the  acute  infectious  diseases  which  confer  lasting  im- 
munity. If,  iu  spite  of  this,  as  daily  experience  and  medical  sta- 
tistics teach,  the  diseasce  of  childhood  show  such  Rfcat  dilSfereneea 
in.  their  nunil^rr  and  form  of  nuinifcstation ,  as  well  as  in  their  courso 
and  teirmnation,  this  can  only  be  due  to  the  fact  that  htlwrtti  the 
growing  orffavism  of  the  child  and  that  of  the  coinpMely  det^tloped 
adult  ffrcai  differences  exist  in  the  reaction  called  forth  by  the  disease 
■process  variations,  which  change  conatanUy  in  the  course  of  childhood. 
Tbe  following  reflection  will  show  what  close  relations  exist  be- 
tween the  atogc  of  development  on  the  one  hand  and  the  type  and 
eourae  of  disease  on  the  other  hand.  If  we  take  a  bird's-eye  view 
of  the  whole  iield  we  are  struck  especially  by  the  following  peeu- 
liuriticB  occxirring  in  the  course  of  diseases  in  childhood : 

1.  The  ovcm-hclming  frequency  of  fatalities  in  diHoascs,  espe- 
cially from  functional  disturbances,  which  explains  the  unsatisfac- 
lor>-  autopsy  findings  in  so  many  cases. 

2.  The  inBigniBcant  caui>ce  producing  the  diseases;  thoy  are 
much  slighter  than  those  necessary  to  produce  the  same  di-teases 
in  adults.     'ITiey  easily  escape  detection,  and  this  explains  why 
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all  sorts  of  fantjistic  rcprrscntations  C>QflueDce  of  milk  secretion, 
eruption  uf  toctli,  occurrence  of  worms),  have  been  taken  as  ex- 
planatinns*. 

3.  The  more  rapid  course  of  the  disease,  termiimting  sometimes 
with  u.  fftlal  endinE,  sometimes  with  recovery,  but  mostly  nith 
atypic  and  uncomplicated  course  because  occurring  in  a  houlthy 
organism.  (The  diseases  which  occur  in  earlieat  infanoy.  in  which 
a  rapid  distribution  of  the  disease-process  to  other  organs  is 
obecrv-cd  as  a  result  of  early  cessation  of  their  function,  form  an 
exception.)  E^peciAlly  to  be  mentioned  )r  an  ability  to  repair 
anatomic  lesions  which  are  not  present  to  the  same  degree  id  later 
life.    (AbBorptioo  of  corneal  scAfs,  Fucbs.) 

4.  Apart  from  theae  general  differences,  the  course  of  every 
«ngle  disease  showa  special  peculiarities  and  variations  when  com- 
pared to  tlie  courec  obeer^-ed  in  adulls;  those  variations  are  ac- 
cording to  the  degree  of  development  and  functional  activity  of 
the  organs  concerned,  and  are  the  greater  the  younper  the  cliild  is. 

This  last  fact  already  sliows  that  we  have  to  do  with  processes 
•which  are  connected  with  the  development  of  the  organism,  and 
BO  we  are  a^ain  led  to  the  rnncliLiion  that  the  key  to  the  tinderttand' 
ing  ol  the  special  pathology  of  the  infantile  organiim  is  to  be  found 
in  the  aludy  oj  dcvdopmrrUal  processes.  In  spite  of  the  large  nuno- 
ber  of  facts  which  are  known  to  us,  no  attempt  baa  been  made, 
barring  a  but  slightly  known  study  by  Barrier,  to  formulate  gen- 
eral rules  and  points  of  view  for  the  development  of  the  infantile 
organism,  and  to  make  clear  its  relation  to  the  pathogenesis  of  the 
diseases  of  childhood,  as  will  be  attempted  in  the  following  page*. 

Growth,  HO  far  as  we  underi<t,ar)d  by  this  the  utiUzation  of  food- 
stuffs for  the  purpose  of  new  formation  and  growth  of  cells  (Camerer), 
dcnionatmtcs  itself  as  a  function  of  vegetative  life,  or  more  aecuiv- 
ately  expreased  the  inherent  spediio  living  power  of  the  body  cells, 
the  mti[l  potentiality.  If  we.  following  the  idea  of  R.  nertwij?  and 
Exner,  eee  in  the  cunjunctiou  of  the  male  and  female  egg  cells  re- 
spectively in  sexual  fecundation,  the  exciting  cause  for  a  new  and 
limited  series  of  asexual  cell  divisions,  we  must  suppose  that  the 
power  of  growth  is  a  function  pecuhar  to  the  younger  and  youngest 
cell  generations.  Wo  eee,  then,  in  the  germinal  cell,  the  bearer  of 
the  entire  potential  energy  of  life,  which  expresses  iti*If  in  at  fir«t 
very  rapid,  but  gradually  slowing  down,  growth  in  the  siac  of  the 
embryo.  Unfortunately,  we  have  no  useful  measure  for  the  inten- 
sity of  thewe  life  or  growth  processes.  We  may  soonest  conader 
the  increase  in  length  or  bulk,  as  such,  as  has  already  been  done 
by  the  physiologist,  Haller.  The  first  is  the  more  suitable,  aa,  it 
being  the  greatQst  of  all  body  measures,  progrees  in  its  growtb  is 
rocogoircd  before  uU  others,  and  negative  vuri&ttoits  are  excluded. 
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The  weight  and  length  cur^-es  taken  from  the  work  of  Quetelet 
show  in  so  f»r  H  corrfisponding  course  as  their  greatest,  rise  iKcura 
b  the  iutra-ui«rine  period.  From  the  fourth  to  tlie  fifth  year  a 
gmduAl  fliitt«iiing  i»  noted  in  the  curve  which,  at  least  in  tlie  case 
of  the  k-n^th  curve,  pajtsfs  into  the  horiKotital  about  tlif  twcntielli 
year.  Properly  speaking,  then,  i(  we  would  represent  the  inten- 
sity of  the  vitnl  processes,  there  should  occur  a  grndunl  sinking 
of  the  cun-e.  so  that  it  would  return  to  the  ha»e-line  at  about 
one  hundred  years  (as  the  greatest  length  of  Ufe),  suppoang  that  ittt 
courseremains unaffected  byextemal  harmful  influences.  Thiscurve, 
reminding  one  of  the  parabolic  course  of  a  shot  hurled  aloft,  together 
with  the  fiict  that  the  period  of  ripeness  and  bloom  of  (ho  individuiil 
is  not  reached  until  the  fourth  decade,  has  ted  many  authors  (Bur- 
dach)  to  the  riew  that  the  greatest  vital  energy,  together  nith  the 
highest  functional  development  and  greatest  power  of  execution 
occurs  in  the  nuddle  of  life,  at  the  highest  point  of  thia  imaginary 
curve.  Thi.s  idea  is  certainly  wrong,  as  not  only  simple  consideration 
but  also  accurate  pbytMologiG  study  show  unequivocally  that  the  in- 
temiiy  of  tht  nuiabolte  proeesaet  ealcuiated  for  the  body  measuremenlx 
pretent  ia  greater  the  nmnller  or  yovvgrr  the  organism,  and  thai  it  con- 
tinwUly  <iiminish^:8  from  the  ovum  on  through  the  entire  course  of  Ufe. 
I  have  represented  this  in  a  second  curve.  The  straight  red,  in  part, 
dotted  line,  showji  schemalicatly  the  continually  wnking  Ufe-energy. 
Tbe  fiiBt  section  of  tliJs  has  added  to  it  a  line  obtained  by  the  appli- 
cation of  the  actual  increase  in  length  per  year  correjtpnnding  to 
the  expenditure  of  energy  for  growth;  it  rises  rapidly  to  the  point 
corresponding  to  the  beginning  of  fetal  life.  Its  course  torrcsponds 
to  the  change  of  the  potentiality  of  the  embryonic  cell  into  kinetic 
energj",  and  shows  that  at  no  other  time  are  the  energy  and  power 
of  life  us  great  as  In  childhood. 

In  absolute  contradiction  of  this  Idea,  however,  is  the  well-known 
fact,  that  DO  other  period  of  life  eliow£  so  large  a  number  of  siek- 
nesBCs  and  deuths  an  the  first  years  of  life;  during  these  years, 
about  a  quarter  of  those  born  perish.  This  phenomenon  is  observed 
lo  the  same  extent  in  the  plant  and  animal  kingdoms,  as  Liehtcu- 
Btaedt  has  already  ahown  in  answer  lo  a  prize  queatiou  presented 
before  the  Independent  Economic  Society  in  St.  Petersburg.  We 
have  the  opportunity  everj-  day  to  see  how  only  a  minimal  part 
of  the  seeds  eowu  broadcast  develop,  only  a  few  of  the  fcrtihzcil 
ovums  reach  full  development.  The  cause  of  this  unnatural  fatal- 
ity, in  spile  of  the  excess  in  vital  energy,  is  that  the  oryans  ntcetsary 
for  the  support  and  protection  of  the  life-proceases  are  at  this  time  «o 
iindtvfioped  that  the  siightext  injury  aJready  sufBces  to  produce 
an  irrepaniblo  disturbance  of  their  functions  and  thus  dostniction 
of  We.  To  the  extent  in  which  these  organe  in  the  course  of  devel- 
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opmcnt  gruw  and  become  strnngcr,  the  inortiklity  falls,  diminish- 
ing considerably  as  early  as  tli«  second  and  third  years,  and  reach- 
ing its  lowest  point  in  the  pciiod  bctvreGQ  the  sixth  and  tenth 
ycara  of  life.  The  uccupation  of  the  nialu,  the  sexual  activity  of 
the  female,  causG  a  rise  in  the  mortality  from  the  twentieth  year 
on.  In  the  later  age-periods  the  physiologic  sinking  and  extinc- 
tjon  of  the  life  energy  Gnds  expressiun.  Haller  has  cxprea^d  this 
rdjttion  in  these  char&cteri&tic  words:  "Infantes  mori  possunt, 
senes  vivere  non  posBunt."  Infants  may  die,  old  people  cannot 
live. 

On  Table  2  tho  mortaJity  nte  of  a  certain  group  of  people  baaed 
on  the  oflSoial  German  statistics  is  expressed,  along  nith  the  curvo 
of  the  sinking  energy  of  life. 

This  »ur\-cy  brings  mc  to  what  I  may  call  the  second  law  of 
gronlh.  The  fuiiotional  development  of  each  indi\-idual  organ, 
measured  by  the  absolute  degree  of  ability  for  vork,  takes  during 
childhood  a  rising  couree,  which,  however,  is  different  for  each 
organ,  and  vhioh  as  a  rule  shov^-s  a  much  steeper  course  than  thAt 
of  the  growth  curve.  Unfortimately  we  lack  the  scientific  data 
which  would  enable  us  to  display  graphically  the  gradual  growlh 
of  the  devi'Iopmcnt  and  the  fimctiona!  abiUty  of  the  most  important 
organs  of  the  circulatory,  respiratory,  digestive  traot,  etc.  Ina 
general,  however,  we  may  conclude  on  the  basis  of  anatomic  and 
physiologic  data  that  this  occurs  compArativcly  quickly,  while  other 
functions,  like  muscular  power,  reAch  their  maximum  at  a  much  ■ 
later  date.  Wo  may  consider  the  overcoming  of  influences  injur- 
ious to  the  organism,  in  other  words,  the  degree  of  the  power  of 
re«gtaiiee,  aa  the  common  nwult  of  all  these  powers,  which  fiuds  an  ■ 
expression  in  the  statiEtioa  of  the  frequency  of  diseases  and  deaths. 
That  the  measure  so  obtained  is  only  reUlively  useful,  and  even  then 
only  under  certain  definite  suppositions,  is  seen  by  the  cousidera- 
lion  of  the  first  section  of  intra- uterine  life.  Although  here  the  orf;ans 
have  the  least  power  of  resistance,  diseases  rarely  occur  on  account 
of  the  protected  coiiditioo  of  the  fetus.  But  tho  trnnsitioD  tuto 
extra-uterine  life  already  necessitates  a  wonderful  precision  of  pre- 
formed mechanisnis.  The  least  failure  of  these  causes  the  greatest 
danger  to  the  life  of  the  child,  and  thus  is  explained  the  high  moi^  M 
tality  peculiar  to  the  act  of  birth  and  the  period  immediately  follow-  * 
ing.  This  is  aided  by  the  conditions  of  extra-uterine  life  being  felt  for 
a  time  by  the  new-born  as  u  direct  irritant,  whoee  harmful  influence 
can  only  be  leseened  by  the  most  constant  and  pi'opcr  care.  The 
moie  backward  the  development  of  the  child  (premature  birth), 
the  less  favorable  the  environment  {poverty,  illegitimacy,  unsuit- 
able nourishment),  Bo  much  the  smaller  is  the  expectation  of  pre- 
serving the  life  of  the  child.     Under  unfavorable  social  conditions,  _ 
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ibe  mortality  ri^s  to  70  %  of  the  births,  while  in  well-to-do  fatm- 
liee  it  miiy  sink  to  10  %,  or  even  lower.  Much  more  important  t  ban 
ibeae  external  influenoea  is  the  r&piA  development  of  the  orgaus 
occurriog  at  this  time,  especially  tbat  of  (he  digestive  tract,  wbicli, 
McordiDK  10  Bluch's  iiivestigauons,  reaches  lU  full  hiatolwjac  de- 
velopment from  tho  lliirtl  to  the  fourth  year  of  life.  This  rajrid 
improvement  in  resisting  power,  luisociatcfd  with  high  vita3  energy, 
t^tgctlier  with  the  care  aud  protection  which  guards  the  child  in 
the  parents'  house,  brings  about  the  period  of  greatest  health, 
vhich  continue!)  to  the  end  of  childhitod,  and  in  which  disease  and 
.death  sink  to  a  imnimum.  The  funclioiial  developmenl ,  bowever, 
is  by  no  mennit  cotnplotod  yet  with  thi^  stago.  Itathor  now  be^ns, 
after  the  preservation  and  protection  of  life  under  normal  eondi- 
tiooB  has  been  aeinired.  the  growth  of  that  power  and  reserve  strength 
which  enable*  the  adult  to  t»ke  up  the  struggle  for  exiatcnce  and 
to  care  for  the  continuance  of  the  species  under  the  best  possible 
conditions;  the  development  of  utrength  and  activity  in  the  tnua- 
culature.  becoming  ftccuslnmed  to  fatigue,  to  dilTerent  kinds  nf 
nourishment,  to  eUmatic  influences,  and  especially  the  develo|>- 
ment  and  training  of  the  mi^ntal  powers.  Into  this  pi'rind  falls  also 
the  strengthening  of  ilie  protective  inBuences  necessary  (or  the 
overcoming  of  infectious  diseases,  the  acquiring  of  immune  sub- 
stances, etc. 

The  occurrence  of  thie  long  so-called  puerile  period,  which  is  given 
over  mostly  to  the  functional  development  by  relatively  slight 
^^Jnorease  in  length  and  weight,  lielongs,  like  the  long  duration  of 
^Vvhildhood.  among  the  most  eminent  pccuHaritieH  of  development 
r  ID  the  human  species.  There  is  no  doubt  that  man  owes  to  this 
^^■loir  development  and  maturing  not  only  the  high  state  of  bis 
^B  mental  and  physical  abilities,  but  also  his  enormous  power  of  aocom- 
f  modatjon  and  functional  adaptation  which  enables  him,  in  cod- 
^B  trast  to  lower  forms  of  life,  to  exist  under  the  widest  extremes  of 
^K  climate,  foods,  and  habitii  of  life,  and  thereby  tu  make  liimjuelf 
really  the  lord  of  the  world.  It  irauld,  however,  be  &  fundamental 
error  to  believe  that  this  progressiw  development  nf  functions 
and  organs,  which  characterises  childhood,  occurs  to  an  equal  ex- 
t«Dt  ID  all  parts,  like  the  groK-th  of  a  crystal,  which  increases  in 
nae  by  addition  of  equal  amounts  over  the  whole  surface  of  the 
nucleus.  Tlie  study  of  embrjolopy,  which  allows  such  remarkable 
changes  in  the  form  of  the  embryo,  protects  us  from  this  tmfor- 
lunalely  widespread  opinion  which  regards  the  child  as  the  exact 
image  in  small  size  of  the  adult,  The  table  de\-ieed  by  Langcr  shows 
the  great  differenpes  which  on  closer  observation  are  seen  to  exist 
between  the  form  of  the  child  and  that  of  the  adult.  But  that  not 
only  the  outward  form,  but  ulso  the  internal  organs  experience 
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dining  the  course  of  growth  a  continuBl  change  in  iheir  relative 
fdw,  is  shown  In  the  tabic  prepared  at  my  auggestion  by  Oppon- 
heimer;  it  displays  the  weight  of  the  orgftna  at  the  different  years 
of  life  (compared  with  the  weight  of  the  organs  in  the  new-bom). 
The  considi-ration  of  these  relationslups.  togelher  with  the  obeer- 
vations  already  mentioned,  sthows  that  the  growth  of  the  indi\ndual 
organs  does  noC  occur  simuUantousiy,  hid  mth  varying  intensity,  so 
to  tpeakby  jerk*,  and  that  the  ordrr  is  caused  &y  the  greater  or  letvtr 
importance  of  the  developing  organt  for  the  pre^ervatian  of 
of  the  infatUUf.  life.    This  I  call  the  third  rule  of  growth. 

The  life  of  the  child  iti  utcro  and  »t  Iho  bi^^nninf;  of  Ita  ext 
uterine  existence  ie  so  purely  vegetative  as  to  make  Plato  consider 
seriously  the  question  whether  the  new-bom  is  actually  to  be  con- 
sidered 08  a  hutiian  being.  But  just  as  the  inletlectual  life  is  bound 
.up  with  the  function  and  development  of  the  brain,  so  is  the  >feget»- 
tive  life  with  the  function  and  development  of  the  organs  serving 
metabolic  ends.  The  most  important  of  these  are  the  circulatory 
system,  the  liver,  kidneys,  and  tymph-glnnds,  which  experience  on 
especially  early  development  in  intrs-uterinc  life.  Beside  tbeae, 
only  those  organs  are  well  developed  in  the  new-bom  which  are  to 
s«n-c  the  purposes  of  as«mitatioD,  the  lungs  and  the  great  digest- 
ive tract,  while  the  poorly  developed  skeleton  and  the  muscles 
only  form  a  thin  and  tender  covering  to  tbeee  essential  organs- 
After  the  great  increase  in  the  sixe  of  the  body  during  the  first  year 
at  life  comes  the  period  of  skeletal  development  which  in  the  fifth 
or  sixth  j'ear  is  joined  by  that  of  the  building-up  of  the  muscular 
and  mental  powers.  Childhood  di\-ideit  iti«elf  thus,  as  this  short 
sketch  shows,  into  a  eeriesof  phases  or  -periods  charaderitfd  pAyn* 
oloffically  by  the  drvdopment  of  definite  or</an  ty^ans.  Their  sepa- 
ration is  not  only  justifiable  from  a  scientific,  but  in  a  higher  degree 
even  from  a  practical  standpoint,  for  the  conditions  and  necesw- 
tiea  of  life  are  so  diflerent  for  each  of  these  periods  that  the  kind 
of  care  and  treatment  is  almost  exclusively  determined  by  this. 
that  is,  by  the  age  of  the  individual.  With  the  backwardness  of 
development  and  the  slighter  variability  of  life-conditions  due  to 
this  is  connected  the  fact  that  the  guiding  of  the  life  must  be  the 
more  regular  and  careful  the  younger  the  individual  is.  Only  io; 
later  years  can  individual  differences  and  the  iofiuence  of  socloli 
conditions  be  more  marked. 

The  most  useful  division  of  childhood  not  only  for  scientific  but 
also  for  practical  purposes  has  been  found  in  the  threefold  divis- 
ion accepted  by  Tiemrdt  : 

].  Childhood  :  Infantia. 

(1)  New-bom  period  {first  week  of  life).   Charactcriced  by  th«' 
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change  from  intra-  to  extra-uterine  lile  and  the  atrophy  of  fetal 
organs;    bypcrentiu  and  dcsquauuition  of  the  external  coverings. 

(2)  Nursing  period  (firat  year  of  life).  Characterized  hy  the  necus- 
sily  for  exclusive  milk  di«t  on  account  of  the  fauctioual  weakness 
of  the  digestive  tract,  also  a  threat  couaumptiuu  of  nounshmeat 
and  considerablo  increase  in  bodily  aze  (trebling  of  birth  tveightj 
marked  gron-th  of  the  brain  ;  all  other  functions  remain  back- 
ward. 

(3)  Milk-teeth  period  (Becond  to  fifth  years  of  He).  Character- 
ized by  rapid  gn)Vith  and  formation  of  the  skeleton,  eruptioD  of 
milk-teeth,  learning  to  walk  and  to  talk. 

II.  Childhood  :  Pucritia.  (Sixth  year  to  puberty.)  Charaoter- 
ized  by  »pecial  development  and  exercise  of  the  musculature,  by 
increase  of  all  functional  activities,  and  by  slowly  progressing 
gntwtli  of  the  Iwdy.  I'aasiige  of  the  child  from  the  family  hfe  into 
social  life  (school).   Beginning  differentiation  of  the  sexes. 

III.  Ago  of  puberty  (in  boys  from  the  sixteenth  year,  in  girls 
of  the  Germanic  race,  from  the  thirteenth  year  on).  In  tho  luttor, 
ibeginning  menstniatioa.  Awakening  of  sexual  impulses  and  de- 
velopment of  HCcondary  sexual  chaructcriet ica. 

I  have  limited  myself  to  giving  the  physiologic  characteristics 
of  these  pcrioda  very  briefly.  On  the  contrary,  I  will  try  to  picture 
more  extensively  their  close  and  important  relations  to  pathology. 
If  n-e  conceive  of  disease  as  the  physiologic  reaction  and  defense 
of  the  organiioii  againttt  the  disease-producing  agency,  it  is  apparent 
that  the  physiologic  condition  present  at  the  time  iletermines  the 
kind  and  course  of  the  process.  As  this  is  true  for  childhood  in 
general  as  compared  with  maturity,  so  it  is  also  for  the  different 
periods  of  growth,  wldcli,  depending  on  the  degree  of  development, 
^^  show  auch  great  physiologic  differences.  In  the  first  period  of  life, 
^Bttpeeially,  these  are  so  great  that  under  the  influence  of  local  cod- 
^Kditions  there  has  developed  a  further  specialization  within  the 
^^E  limits  of  pediatrics  of  stivh  physiuians,  hospitals,  and  clinics  iis  are 
r  especially  concerned  with  the  care  and  diseases  of  the  nursing  period. 
^MB'vcn  if  I  do  not  consider  this  tendency  to  separate  as  justiSed, 
^B**ill  it  'n-ill  serve  to  demonstrate  the  great  compass  and  variation 
'      of  the  study  of  children's  diseases. 

Tlio  nilation  of  the  periods  of  growth  to  pathology  are  baaed,  as 
already  stated  above,  on  the  fact  that  the  special  physiologic  pecu- 
liarities of  each  period  bring  with  them  a  similarity  in  the  course 
of  life,  and  therefore  opportunities  for  certain  diseases  such  as  do 
not  occur  at  any  other  time.  The  undeveloped  condition  of  the 
organs  in  general  helps  along  by  causing  a  lessened  power  of  re- 
aatance  agwnst  all  disturbances,  and  further,  the  organs  vhile 
growing  rapidly  are  disposed  to  diseases  to  an  especially  high  de- 
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gree.  Finally  there  exists  an  age  disposition  for  n  small  numbor 
of  dieeoaefl  depending  partly  on  external  causes,  partly  on  the  con- 
dition of  the  tiseuee  themselves.  All  these  cau<«e  unite  in  individuals 
of  one  and  the  same  period  of  grow'th,  and  give  rise  to  the  fact  that 
in  them  s  certain  group  of  dj»ea»ec(  is  obiaerved  with  especial  fre- 
quency, wliich  occur  much  more  rarely  or  not  at  all  in  other  periods. 
Thus  each  of  these  periods  nf  growth  hais  not  only  u  physiologic 
but  also  a  no  less  marked  pathologic  physiognomy. 


I.   Infaniut 


>eic,H 


(1)  S'etP-hom  period.  Mnlformutions,  congwiital  nnd  inherited 
diseuses  (lues),  tumors,  biiih  injuries  (fractures,  uvul^uns,  hema- 
tomas, brain  injury),  disturboncee  in  the  atrophy  of  fetal  organs 
(diseases  of  the  navel),  icterus  neoDatorum,  irritation  and  tcKions 
of  the  tender  akin  and  mucous  membranes  and  favored  by  this 
bacterial  inviiHon  of  the  body,  whirh  Mill  lacks  protective  powers, 
local  and  general  sepsis,  gonnrrheal  infection. 

(2)  Nuning  period.  Disturbances  duo  to  incorroet  quantity  or 
intcnalfi  of  fpt'ding,  relative  or  alwohite  insufRrienry  of  digestion 
of  food  taken,  eflpecially  in  artififrial  feeding,  irritation  of  the  in- 
testinal mucous  membrane  by  bacterial  decomposition  products, 
or  invaaion  of  the  intcatinal  wall  leading  to  chronic  intoxication 
and  atrophy  of  the  mucoea.  The  rapid  grosvth  of  the  brain  is  not 
infrequently  accompanied  by  over-irritability  of  the  nervous  sys- 
tem (tetany),  eclampsia  and  hydroi^ephalua.  Tliere  is  also  a  mw- 
ccptibility  of  the  ekin  and  mucuui!  membrane  (bronchial  dtseasee, 
pneumonia)  as  well  as  a  maj'kod  tendency  to  pyogenic  diseases  of 
all  fiorls;  speciBc  infections,  however,  occur  comparatively  rarely. 

(3)  Milk-ttHh  penod.  Disturbance  of  edification  processes  (be- 
ginning already  during  the  first  year)  with  its  rcHultA  (deformitios 
of  the  thorax  and  limbs),  broncho-pneumonia,  etc.,  from  rachitis. 
At  the  same  time  occur  other  dy-serasias  (status  lymphaticus, 
scrofula,  anemic  states).  The  creeping  of  the  child  on  dirty  floors 
and  the  tendency  to  put.  everything  into  its  mouth  in  conjunction 
vith  the  lack  of  instinct  for  cleanliness  produces  the  so-called  dirt 
infections:  Numerous  mouth  and  throat  diaeneee,  diphtheria,  con- 
tagious .ikin  diseases,  belminthiaeis,  [tertussis,  even  tuberculous 
iofeclion  of  the  upper  respiratory  or  digestive  tract  and  the  con- 
sequent lymph-gland  tuberculosig  especially  of  the  bronchial  glands. 
From  the  latter  the  form  of  hilum  phthisis  petmliar  to  this  age  arises. 
Frequent  occurrence  of  local  and  miliary  tuberculosis.  Defects  of 
tbe  intellect  show  their  existence  by  delay  or  failure  to  Icam  ta 
speak  and  grave  lesions  of  the  brain  by  appearing  idiocy  and  epi- 
lepsy.  Especial  frequency  of  acute  poliomyelitis. 
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II.  Pueritui 

Esxtr&Dce  into  school  bringa  with  it  the  harmful  influcnccfl  coa- 

Dccted   with   it — ficoliosis,   mynpia,  nervous  disturbtinces  uf  alt 

»,  and  manifold  cootact  infections,  among  which  the  &«ute  ex- 

ntbeiDM  nith  their  acqutla,  ncphntis,  myocarditis,  arc  by  far  the 

Bt  impoitant.    The  desire  for  violent  exerciiie  explains  traumHtJn 

liaeases,  and  perhaps  aleo  the  greater  frequency  of  appendicitis. 

jberculous,  espociully  of  the  glandii.  in  mrcr  and  approaches  the 

adult  t>'p«.    On  the  other  hand  a  new  and  danK»rou»i  infectious 

<liTCa8e  appears  In  acute  articular  rheumatism  with  endocarditis 

and  ehoiea. 

III.  Pitbcrti/ 

Furnishes,  especially  in  the  female  b&\.  charnctenBtic  troubles. 
chlorosis,  hj'steria,  psychoses,  heart  diseases.  Otherwise  the  patho- 
lo^c  conditions  pass  over  into  those  of  adult  life.  (Demonstration 
«f  tables.) 

This  clusfiifieation  of  the  most  common  diseases  of  childhood  is 
familiar  to  every  e3q3erienced  pediatriet,  aud  by  the  fact  that  the 
numlMir  of  dint-jiBcs  coming  into  coDsidcratton  at  each  age  is  rela- 
tively limited  adds  considerably  to  the  facility  of  diagnoma  and 
'exact  appreciation.  It  must  also  be  the  basis  nf  ev-erj-  therapeutic 
I  consideration  as  the  medic.il  nicane  as  well  rh  the  care  of  the  healthy 
cliild  are  different  for  each  period  of  Rrowih.  At  introduction, 
how-evcr,  I  wish  to  say  a  few  words  about  the  treatment  of  discuses 
-of  childhood  in  general. 

Even  though  the  general  principles  of  medical  treatment  in  chil- 
dren must  be  the  same  as  in  adnlt^i,  still  the  praclicul  application 
of  the  same  differe  considerably  according  to  the  age  of  the  child. 
For  example,  it  is  not  sufficient  to  reduce  the  dnee  of  the  medica- 
ment prescribed  in  a  Riven  case  for  un  adult  simply  according  to 
the  body-wfight  of  the  child.  Rather  the  physiologic  peculiarities 
of  the  childish  organism,  its  intolerance  for  some  and  tolerance  for 
ther  dru^,  as  well  as  the  consideration  of  the  method  of  dispens- 
ag  suitable  to  childhood,  Qeccssitate  in  almost  all  cmea  that  the 
choice  and  method  uf  dispensing  in  children  differ  in  moat  all  In- 
stances from  what  is  usual  in  adults  for  the  same  indications.  The 
physdan  active  in  children's  practice  must  therefore  make  him- 
self familiar  by  special  study  with  the  therapy  suitable  to  each 
period  of  growth. 

It  is  luniilar  with  the  physical  methods  of  treatment.  Tliesa 
methods  also,  which  of  late  arc  being  more  and  mopo  employed, 
require  careful  adaptation  to  the  .sliKhfer  rcasling  power,  the  luck 
of  redpontie,  of  resistance,  u'hicb  the  small  patients  oppose  to  their 
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use.  On  the  other  hand,  the  HiuuUncss  and  traimport ability  of  the 
ohilditih  body,  the  coinparatively  easily  overcome  n;«islancc-,  sad 
the  lack  of  anxiety  from  preconception,  nfford  in  many  case*  a 
desiruble  ease  of  application. 

I  cannot  go  into  det&ili)  in  the  subject  of  thtrapy.  Only  in 
era)  I  may  say  that  of  the  flood  of  medicntnentn  which  has  tn 
last  few  yeara  been  thrown  on  the  market  by  chemic  industry,  only 
a  few  liave  found  a,  lasting  place  in  pediatric.  The  u«o  erf  medicines 
is  becoming  justly  more  and  more  limited,  and  repl&ced  wherever 
possible  by  physical  and  dietetic  methods  of  treatment,  which  by 
lon^  and  ronsistont  use  have  givcrn  brilliant  results. 

We  may  expect  a  really  eurative  effect  only  from  those  moBS- 
urcs  which  stimulate  further,  or  replace  the  naturally  powerful 
henliiiK  )>roce»se3  of  the  childish  ornimlsm,  a«  is  strikingly  done  by 
the  diphtheria  antitoxin  prepared  by  Bebring.  Here  the  pcdiatriets 
who  generally  are  forced  to  travel  in  the  beaten  tracks  of  internal 
medicine,  were  in  a  position  to  take  the  leading  r6Ie  in  the  testing 
and  recommending  of  this  precious  agent.  A  second  method  of 
treatment  also  used  in  diphtheria  may  here  be  mentioned,  for  tbe 
introduction  of  which  the  pediatriste  exclusively  are  to  be  thanked. 
I  refer  to  intubation,  recommended  by  your  gCnial  and  modert 
countryman,  O'Dwyer,  which  has  made  the  bloody  operaliou  of 
tracheotomy  superfluous  in  the  largest  number  of  cases. 

The  greatest  difference  between  the  therapeutic  problems  of 
the  pediatrist  and  those  of  the  internist  lies  in  the  overwhelming 
import^mcc  and  development  of  prophylaxis.  The  word  prophy- 
laxis in  this  sense  is  to  some  extent  synonymous  with  care,  ina»< 
much  us  in  the  education  of  the  child  because  of  its  lacking  self- 
determination,  experience,  and  regulating  methods,  care  musb 
not  only  fiotisfy  its  bodily  needs,  but  also  guard  it  from  all  threat- 
eninit  dangers.  To  bring  this  about,  the  experience  of  adults  and 
the  general  rules  of  hygiene,  however,  do  not  suffice.  It  requires 
special  individuul  instruction,  which  can  only  be  given  by  a  podia- 
trist cognizant  of  the  law-B  of  child  development,  and  carried  outfl 
by  persons  trained  in  them.  Clinical  experience  and  medical  sta- 
tistics show  that  nothing  inSucnccs  th(<  mortality  and  liitbility  to 
disease  in  childhood  as  much  as  a  carefully  conducted  manage- 
ment by  experts,  and  in  this  way  most  if  not  all  sicknesses  may 
be  kept  away,  at  least  in  young  children.  Pediatrists  have  ulwaj-s 
known  the  great  importance  of  protecting  care,  prophylaxis,  even  J 
if  only  the  magnificent  acquisitions  of  the  last  few  decades  have  ■ 
^onu  them  the  proper  way.  Wc  will  attempt  to  sketch  in  a  few 
words  the  most  important  axioms  of  prophylaxis  for  the  different 
periods,  and  at  the  same  time  to  touch  on  some  of  tbe  questions  < 
which  are  still  unsettled. 
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Ttio  prophylaxis  in  regard  to  birth  injiines  belongs  to  obstetrics. 
Here  I  ooly  wish  to  mentioD  the  Drigiaul  i<l«a  of  Professor  Guertner 
to  overcome  the  grave  asphyxia  of  the  new-bom  by  the  introduc- 
tion of  oxygen  into  the  umbilical  vein.  Apart  from  this,  the  task 
of  the  pediatrist  is  to  make  the  surruuncLini^  of  the  ocw-bom  lut 
much  like  tbo  conditions  oxigtUig  in  utero  as  puxsible,  fur  which 
purpcwe  an  incubator  may  occasioaaliy  be  useful.  Tlie  delicacy  of 
the  ekin  and  mucous  membranes  requires  especial  care  la  the  clean- 
sing and  clothing  of  the  child.  It  is  well  laionii  that  most  of  the 
diaeaaes  ol  the  mouth  which  occur  in  tbe  firet  few  years  are  caused, 
or  at  least  favored  by  mechanical  iiijuries.  Of  course,  another  factor, 
infection,  must  sssist.  Tbo  slightest  lesion  of  the  coverings,  how- 
ever, and  the  ordinary  pus  bacteria  which  are  ubiquitous  in  man's 
eurroundings  suffice  already  for  their  occurrence.  To  their  fre- 
quency and  danger  the  old  foundling  aaylum  statistics  and  hos- 
pital reports,  in  which  80  %  to  100  %  of  tho  infants  admitted  died, 
bear  witness.  Through  the  Introduction  of  asepsis  and  antisepsis 
into  the  care  of  nurilings,  a  revolution  of  these  relations  and  a  de- 
crease in  the  eeptis  disengies  which  is  comparable  to  the  precaution 
of  pucr]>eral  fever  by  SerniuelweiHs  has  tukvn  place. 

The  largest  and  most  difficult  task  in  this  period  of  life,  however, 
is  the  nourishment.   The  intestinal  canal  of  the  Dur»Dg  child  must 
in  spite  of  tlie  backwardness  of  it.'«  development,  Hssiiiiilute  a  suffi- 
cient quantity  of  food  for  the  body-weight  to  treble  itself. 

This  tusk  is  comparatively  easily  accomplished  if  the  natural 
nourishment  which  suits  the  nursling's  needs  so  wonderfully, 
mother's  milk,  is  to  be  had.  Tho  difficulty  is  irruneasurably  in- 
creased, however,  if  the  mother,  from  lack  of  milk  or  for  social 
reasons  is  unable  to  iiurae  her  child,  a  slate  of  affairs  which  ia  more 
and  more  often  mot  with.  .As  the  knowledge  of  metabolic  processes, 
in  spite  of  the  gif-at  amount  of  work  Hjient  on  it,  is  not  Bufficicntly 
advanced  to  permit  tho  eetting-up  of  experimentally  deterniiued 
%'alues,  we  ai-e  lo-day,  as  in  former  times,  required  to  keep  to  the 
model  of  mother's  milk,  and  to  make  the  cow's  milk  which  is  used 
in  artificial  feeding  us  much  like  it  as  possible. 

The  difTerencea  of  pen-entage  composition,  which  at  first  were 
considered  to  be  of  the  greatest  importance,  we  have  learned  to 
overcome  completely  by  sufficient  ditutiou  and  addition  of  proper 
amounts  of  fat  and  carbohydrates.  On  the  other  hand,  in  counie 
of  investigation,  the  cleft  which  existed  in  reference  to  the  quality 
of  the  different  foodstuffs,  has  widened.  At  least,  this  is  true  of 
the  most  important  one  of  them,  the  albumin.  This  shows  irre- 
mediable differences  from  the  albumin  of  mother's  milk,  not  only 
in  its  elementary  composition  and  chemic  reactione,  but .  as  it  comes 
from  a  different  sort  of  imimal,  also  in  its  biologic  behavior.  Wasser- 
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mann  and  Hamburger  liavc  pointed  out  the  iuipOTtunc«  of  this 
qvK-8tic>ii  in  infant  feeding. 

The  Ihemiolabilo  ferment-Uke  bodies,  which  arc  contained  in 
mother's  milk,  and  to  the  prentice  of  which  I  have  myeelf  drawn 
attention,  also  belong  to  the  group  of  components  wWch  differ 
qiiiililatiwiy.  These  substances  give  the  breast-fed  child,  o*  they 
C0II1R  from  the  blood  of  the  mother,  &  part  of  the  antitoxiae  and 
metahoUc  ferments  contained  therein,  while  the  analogous  bodies 
contained  in  raw  cow's  niilk  are  of  little  or  no  value  tn  the  nursUng. 
Therefore,  it  does  not  appear  to  me  justified  to  ^ve  up  for  this 
reason  the  stcnlizution  of  cow'b  milk  by  heat,  an  acquisition  n'hich 
I  consider  one  of  the  ^reateBt  udvantaf;et<  in  thin  line,  althou|;h  a 
general  tendency  existe  to  limit  the  tem|)erature  aiid  duration  of 
the  heat  as  much  tus  po»iible.  on  account  of  the  chomic  clmnf^s 
vhioli  it  caiiaes.  This  h  the  more  possible,  the  mom  cleanly  the 
method  of  obtaining  the  milk  has  been,  and  the  more  carefully  it 
has  been  handled  before  Rterilisntion.  It  appears  very  questionable, 
however,  wliether  the  recently  advo(!ated  addition  of  formalin 
(Behring).  or  the  pansiigc  of  electricity  (Seifert),  will  be  able  to 
replace  Bteriliztition  by  lient. 

An  important  difference  between  natural  and  artificial  nourish- 
ment exists  iiino  in  the  method  nf  feeding'  The  child  at  the  brea5l 
leceJves  the  milk  by  actix'e  Ruckling,  and  (presuming  feeding  by  its 
own  mother)  in  a  quantity  and  composition  suited  to  its  needs.  The 
artifiri ally-fed  child  ha»  at  it?  disposition  food  in  unlimited  quan- 
tity, and  a«  a  rule  this  is  poured  into  its  digestive  tract  in  excessive 
amount,  considering  its  digestive  powers.  Another  practically  im- 
portant step  in  artificial  feeding  lies  in  strict  limitation  of  the  sixe 
and  numl»r  of  the  fecdiDgB,  in  the  determination  of  the  amount  of 
nourishment  calculated  either  by  the  volumetric  method  or  reekoned 
in  calorics,  in  a  word  in  the  avoidance  of  the  habituitl  over-feeding  of 
the  bottle-baby.  In  epite  of  the  large  amount  of  work  done  in  this 
direction  in  the  last  decade-i,  we  must  confess  that  we  are  still  far 
from  (he  aim  of  our  efforts,  the  discovery  of  n  substitute  for  mother's 
initk,  and  that  nothing  run  replace  it,  e^pcciatly  in  children  back- 
ward in  development  op  weakened  bs'  disease.  On  the  ot  her  hand,  we 
can  Bay  tnjthfully  that  we  have  succeeded  in  robbing  the  feeding 
with  cow'8  milk  of  a  larfje  part  of  the  danRer  which  previously  accom- 
panied it. so  that  if  the  power  to  assimilate  cow's  milk  is  present  si  all. 
artificial  feeding  can  lie  carried  on  with  confidence  as  to  the  result. 
Of  course,  its  proper  carrying-out  requires  a  much  greater  cost  of 
time,  care  and  pecuniary  means  than  does  breast-feeding:  so  that  the 
improvement  in  artificial  feeding  is  of  slight  or  no  benefit  to  the  poor 
people,  where  it  ia  moat  needed.  The  same  difficulty  also  exists  with 
retard  to  care,  cleanliness,  light  and  air  iu  tlieir  d-wcUings. 
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These  last  factors  are  of  Efwcinl  importance  in  the  period  or  skeletal 
development.  Uiihygienic  conditions  of  the  mirroimdingH,  insiifli- 
cicot  ventilation,  crowding  together  of  persons,  aa  occurs  especially 
among  poor  people  and  in  cold  weather,  have,  as  Kassowitz  has 
flhown,  an  undoubted  influence  on  tLe  origiu  and  severity  of  raehitia. 
Ooiiad«ring  the  grent  frequency  and  insidious  K-ginning  of  this 
diiiease,  it  is  not  unnecessary  to  mention  that  the  severe  fornis  uiid 
deformities  of  this  disease  may  at  the  proper  time  be  prevented. 
In  a  carefully  regulated  diet  and  the  use  of  baths,  air  and  cxcroi)^ 
cures,  and  secondarily  in  the  administration  of  food  preparations  and 
medicines  <pho8phonie,  iron,  arsenic),  we  possess  powerful  aide 
ugainst  the  development  of  this  dyscraaia,  which  le  so  frequent,  nt 
this  period.  In  view  of  the  change  of  the  skeleton  from  the  infantile 
to  the  adult  typr,  which  occurs  at  this  time,  one  ehoiild  also  try  to 
influence  this  process  favorably  and  to  prevent  for  example  tliedevel- 
(^mcnt  of  the  dreaded  paralytic  thorax  by  sxiitable  means.  The 
dangers  of  dirt<  inftr^tione  are  to  lie  avoided  by  careful  avoidance  of 
opportunity  for  infection,  and  cleanliness;  eventually,  also  by  the 
use  of  an  inolosed  protective  pen  {Feer).  I  have  reached  the  opinion 
that  not  a  few  of  the  caacs  of  tuherrulous  nn-ninKitis,  whii-h  is  «o 
frequent  at  this  age,  are  to  be  traced  to  infection  from  dust  in  the 
dwelling. 

In  the  second  period  of  childhood,  which  is  devoted  to  functional 
development,  the  insk  of  the  physician  is  on  the  one  hand  to  bring 
the  powens  and  abilities  of  the  child  to  hflrmonioiis  perfection,  on  the 
other  hand,  by  an  appropriate  selection  and  direction  of  bodity 
cxercisca  and  by  the  proper  nrrnngement  of  hours  of  work,  to  pre- 
vent exhaustion  and  harm.  From  which  side  the  influence  of  the 
physician  must  act  depends  on  the  peeulinritiee  of  the  child  and  of 
its  giiardiuns,  and  al.-^o  on  the  custoina  and  usages  of  the  country. 
In  the  Germanic  and  Latin  eunntries  the  general  strivinp  toward  a 
better  physical  development  does  not  begin  until  this  period,  while 
among  people  nrider  Kiiglish  inflwence  tins  has  started  long  Itefore. 

A  now  factor  eomca  into  the  life  of  the  child  with  the  Bchool.  The 
m«jdem  method  of  teaching  classes  in  closed  moms  and  with  a  com- 
paratively large  numl>er  of  hours  of  instruction  18,  from  the  hygienic 
standpoint,  to  be  looked  upon  as  a  necGssary  e\il.  So  much  the  more 
we  must  endeavor  to  compL-nsate  for  the  unavoidable  hunn  by  im- 
proving the  school  arrangf-mciita  on  the  one  hand,  and  by  sufficient 
time  for  re.tt  on  the  other.  From  many  sides  the  principal  task  of  the 
physician  in  tliis  period  is  thought  to  be  by  rigorous  isolation  meas- 
ures to  guard  the  children  against  the  acute  exanthcnins  which 
threaten  them  at  schcMil.  I  cannot  agree  with  this  point  nf  view 
under  all  circumStnnces  and  for  all  the  diseamea  of  this  group.  Even 
though  every  appropriate  nwaeuro,  even  prophylactic  immunisation 
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Bbould  be  Kwommendcd  for  certain  diseases  like  diphtheria  and 
BcarktJna,  this  should  only  be  dnne  as  regards  the  luurh  milder 
measles  and  varicella  which  attack  almost  ever}'  one,  iu  so  far  as  one 
tries  to  guard  the  iadividiial  ue  far  as  possible  from  getting  the  dis- 
ease at  a  time  or  age  in  which  a  leesened  power  of  reBiHlance  or  a 
tendency  to  complication  exists,  .\fter  the  aixtb  or  seventh  year  this 
is  U9  a  nile  not  the  case,  wliile  oq  the  contrary  in  adult  life  measles 
not  infrequently  lakes  a  severe  course  (Biedert). 

The  immnnity  acquired  by  pnsang  through  certaia  infectious 
dlaeoaes  \a  eii  integral  part  of  that  puwer  of  rcaistanue  which  man 
should  acquire  in  the  course  of  childhood.  With  this  item  is  also  to 
be  classed  obligatory  vaccination. 

Thus  eveiy  period  of  chiidhond  brings  new  and  importaui  tieces- 
atic8  for  the  carrj-ing-out  of  indivi<iual  prophylaxis,  and  these  might 
be  multiplied  without  difliciilty.  The  main  point  is  the  constant  and 
careful  watcliing  over  the  course  of  the  child's  life  during  the  whole 
hut  eepecially  during  the  Srst  period  of  groa'th,  the  care  and  further- 
ing of  nonnnl  development  aecnrding  to  the  sentence  "medicua  non 
Bit  magister  sed  minister  naturae;"  therefore  in  detail  the  taking 
care  of  those  backward  in  development,  improvement  of  the  already 
developed  functiona,  special  protection  of  the  rapidly  growing  orgiuia, 
prevention  of  the  tendenoiea  to  acquired  or  inherited  diseasea,  pro- 
tection from  injurious  agencies,  OHpecially  infections.  Di^eaae  nith 
vbicb  the  medical  care  Renerally  begins  is  here  to  a  certain  extent 
a  failure  of  preventive  care,  an  interruption  disturbing  the  noruial 
process  of  dewlopment.  In  this  sense  the  physician  to  whom  the 
child  IB  trusted  becomes  the  friend  and  indispensable  adviser  of  the 
fanuly  in  all  matters  uficcting  the  bringing-up  of  the  child,  provided 
they  know  how  to  appreciate  the  unselftslj  character  of  his  work.  I 
admit  that  nowadays  this  function  of  the  pediatrist  is  employed  only 
exceptionally  and  under  particularly  favorable  conditions,  and  that 
even  in  the  future  only  a  Umited  number  of  families  tt-il!  have  it 
RoreBsible.  But  why  at  the  close  of  a  century  which  has  sho-a-n  such 
unexpected  results  should  we  hesitate  to  place  indiWdual  prophy- 
laxis, bused  on  raising  the  power  of  resistance  and  avoidance  of 
diseases,  as  the  ideal  aim  of  our  efforts? 

The  picture  of  modem  pediatrics  would  be  incomplete  if  I  were  not 
to  mention  the  efforts  and  results  which  have  boon  seen  in  the  realm 
of  the  protection  of  children.  This  was  the  more  needed,  as  in  many 
countries,  eepecially  the  Anglo-Germanic,  the  care  of  poor,  sick, 
and  deserted  children  has  always  been  left  to  private  Ijenevolence, 
while  in  the  Latin  countries  the  orphan  asylums  cared  for  the  need- 
iest group  of  these  children.  Tlvis  were  founded  the  children's  hospi- 
tals and  dispensaries,  based  on  private  donations,  which  to-day  are 
to  be  foimd  in  every  large  community.  Tliese  institutioa?  are  parti- 
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cularly  importaut,  as  they  form  tlie  natural  ceotres  for  the  practical 
«clucktioD  and  scientific  u-urk  from  which  thv  clinical  iiixtilut^s 
develop. 

The  aedstance  of  pediatry  iii  the  reform  of  orphan  and  reforma- 
tory asylums,  ld  the  quuHion  of  schuol  physu-ian,  in  the  numberless 
societies  vliose  purp^t^e  iu  the  strenKthenin^  uiiU  uiuking  hdittby  of 
growiDg  children  (schmtt  gardene,  vtu-atioii  camps,  setuhore  homes, 
etc.),  goos  without  saying.  It  was  lh«  pedintriett  who  first  pointed 
Mrt  the  ncccaaity  for  eui'b  institutions  and  the  mpans  of  redress. 

The  latctst  ninvemcot  makes  the  care  of  nurnng  infants  its  aim,  the 
shocking  mortality  among  whom  has  already  been  mentioned.  In 
Ihis  direction,  as  in  the  c&rc  of  children  in  general,  nt  Icnst  &s  far  &h 
Kovcmmental  aid  ia  considered,  France  occupies  unopposed  the  first 
rank,  whom  Hungary  now  follows  with  praiHeworthy  zeal.  In  most 
other  countries  there  are  only  private  undertakings;  homes  for 
cripples,  milk  di^pensarica  (so  called  grotioi  de  tail),  maternity  hospf- 
tate.  homes  for  lafants.  The  latter  serve  also  mostly  the  purposes  of 
educating  mediciiJly  trained  ntirses.  In  thi.s  respect  the  institutions 
existing  in  the  United  States,  among  which  I  have  become  best 
acquainted  with  St.  Margaret's  Ilouac  in  Albany  directed  by  Dr. 
Shaw,  are  especially  worthy  types. 

All  these  institutions  have  been  started  by  pediatrists,  in  part 
carried  on  hy  them,  nnd  sUKtMned  by  their  voluntary  and  gratuitous 
assistance.  Thus  it  comes  about  that  every  year  hundreds  of  thou- 
sands of  per.wn.s  whose  financial  position  would  otherwise  not  per- 
mit if  enjoy  the  benefit  of  spccialistic  medical  advice  and  treatment , 
and  that  the  knowledge  of  a  rational  care  of  children,  which  is  so 
necessary,  becomes  more  and  more  widespread  among  the  people. 
The  warm  intcivst  and  the  aid  which  thetjc  efforts  find  among  all 
classes  of  people  show  that  the  usefulness  and  humanity  of  these 
aims  are  fully  appreciated.  The  great  importance  of  the.se  efforts  for 
the  sustaining  and  strengthening  of  coming  generations  is  also  being 
more  and  more  recognincd  by  the  public  authorities. 

Thus  our  young  science  may.  with  full  justification ,  claim  to  ha^•© 
been  successful  in  the  great  task  which  has  fallen  to  it  ia  the  share  ol 
public  work. 
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Bonn,  IJS&I;  LL.D.  University  of  Micliigon.  lt<1>^;  iind.  Ouivcniitv  of  Columbia, 
lOOH,  Pn./t*»or.  .NVw  York  Mi-dic*I  College.  ISflO-W;  Uaivewity  Medical 
Cnlli-K<^,  ISfi.'^Tfi;  Ollcgtf  of  Ph^nicinna  and  SuFgeoiw  (Coliimbin"!,  I8T0-I002; 
Atti-tidinK  or  CVitmulting  rhvMcuui  to  most  of  thi-  promiiuiljt  lin^pitab  in  Nrw 
YoHi.  MvEiilicr  uf  mviy  Rictlicol  raciclica  in  ttiuatidfonl^coitiitrico.  Author 
of  nomi-  lunlicvl  workii;  oIho  ntimrroun  urticK-a  for  maguuxM  iu  Diit)  ixid  utlirr 

The  most  hiimivn  of  all  the  gode  ev«r  creatPd  by  the  fancy  or  the 
reliKitms  cnivinnsof  mtirtal  men  wns  Phcubiis  Apollo.  It  woa  he  thar 
gave  its  daily  light  to  the  wakening  world,  flattered  the  senses  of  the 
select  with  tnuae,  filled  the  songs  of  the  bards  and  the  hearts  of  their 
hearers  with  the  rhythm  and  wonders  of  poetr>%  that  itispired  otid 
reveled  with  the  muses  nf  the  PamasaUB,  cheered  the  world  with  tlie 
artistic  crcAtions  of  the  fertile  braia^  and  skillful  hiuidx  of  a  Zeuxis 
and  Phidias  — he,  always  he.  that  inflicted  and  healed  warriore' 
wounds  tmd  setit  and  cured  deadly  diseuses. 

In  the  imnginetion  of  A  warm-hearted  and  iii]Sophi<ct)cated  people 
it  took  a  god  to  embrace  and  bestow  all  that  is  most  beneGcent  aod 
sublime  —  physical,  moral,  and  mental  light  and  warmth;  the  sun, 
the  arts,  poetry,  mid  the  mont  hum&n  and  bumaiie  of  aU  sciences 
and  arts,  namely,  medicine. 

Ancient  Rods  no  longvr  direct  or  control  our  thought*,  feelings,  and 
enjoyments,  either  physical  or  intellectual.  The  kinship  and  correla- 
tion of  hypotheses  and  studies,  expeiience  and  knowledfte  are  iti  the 
keeping  of  the  philosophical  mind  of  mun,  who  in  l)oth  their  i-reator 
and  beneBciar>*.  To  demonstrate  this  rational  aiHnity  of  al)  the 
sciences  and  arts,  xome  fHr-.>«eing  men  planned  thin  great  Congress. 
The  new  departure  —  in  the  arraugemeut  for  it  —  should  be  an 
example  to  future  general  and  special  scientific  gatherings.  Indeed, 
some  of  its  features  were  adopted  by  the  organisation  committee  of 
the  Iiitemalionul  Medical  Congres3  which  was  to  lake  place  at  St. 
liouis,  but  wtiB  given  up  on  account  of  the  limited  time  at  the  dia* 
posal  of  the  great  enterprise. 

CongrcB8CB  are  held  for  the  purpoee  of  comparinR  and  guarding 
diversified  interests,  A  free  political  life  requires  them  for  the  con- 
sulting of  the  needs  of  all  classes.  Scientific  congresses  are  convened 
to  gather  und  collate  the  varied  opinioas,  experittnces.  and  results  of 
many  men,  and  to  create  or  renew  in  the  young  and  old  the  enthu- 
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si*5tn  of  yniith.  Tbcir  number  has  increased  witli  the  modem  differ- 
ratiation  of  interests  and  studies.  Specialization  in  medicine  is  uo 
loiif^r  n'hat  it  vras  in  old  Eigyp^,  iianwly,  the  otitj^owth  of  the  all- 
pen,'adinR  spirits  of  castes  and  sub-rUssiiicatiotm,  but  m  well  the 
consequence  as  the  source  of  modem  medical  progress.  It  is  dillicult, 
liu\rcver.  to  any  where  specialization  encLs  and  over-specinlizntion 
begins,  or  to  what  cxtetit  specialization  in  modieinc  is  the  result  of 
oienta)  and  physical  limiliition  or  of  the  .spirit  of  dcei>ening  research; 
or,  nn  the  other  hand,  of  indolence  or  of  greed;  or  vrhellier,  while 
fpecializatioQ  benefits  medical  science  and  art,  it  lowers  the  mental 
horizon  of  the  indiviiiuol,  and  cither  cripples  or  enhtinces  his  useful- 
ness in  the  .ten-ice  of  mankind.  For  that  ta  what  medical  science  and 
iirt  are  for.  Jos6  de  Lctamendi  la  perhaps  correct  when  he  says  that 
a  man  who  knuwa  nulliing  but  medicine  does  not  even  know  medi- 
cine. What  shall  we  expoct,  then,  of  one  who  knows  only  a  amall 
part  of  medicine  and  nothing  beyond? 

Congresses  in  general  have  been  of  two  kinds.  Tliey  were  called  by 
specialists  for  spedttlista,  or  they  met  for  the  purpose  of  removing 
or  reUevinglhedangersof  limitKtion.  Thisiswhat  explains  the  ^rent 
success  of  international  and  of  national  gatherings,  such  as  the 
German,  British.  Aiiifrifan ,  and  others,  and  what  hiwj  pven  the 
Congress  of  American  Phyeieians  and  Surgeons  with  its  triennial 
Washington  nicetings  ils  hroadcning  and  chastening  influence. 

Nor  arc  mediual  meetings  the  only  attempts  at  linking  together 
what  has  a  tendency  to  get  disconnected.  Look  at  our  literature. 
The  rising  interest  in  the  history  of  medicine  »»  exhibited  in  Ktirope 
and  lat«Iy  al^o  among  as,  and  individual  contributions,  such  as 
Oomperz's  great  book  on  Greek  thinkers;  or  even  lesser  productions, 
such  »B  Eymin's  Afidtcint  el  Pkilosophis.  10(14;  or  the  important 
piciorial  work.i  of  Charcot,  Richet,  and  IloUlinder,  prove  the  corre- 
lation of  medicine  n-ith  history,  philosophy,  and  art. 

Our  special  theme  is  the  history  of  pediatrics  and  its  relationw  to 
other  speciailies,  sciences,  and  arts,  NowFricdnch  L«d\*ig  Mcissner's 
Grundlagf  der  Literatw  der  PAdiatrik,  I.ieip2ig,  18&0,  contains  on 
246  pages  about  7(KK)  titles  of  printed  monographs  written  before 
1849  on  diseases  of  children,  or  some  subject  connected  with  pedo- 
logy. Of  these.  '2  were  published  in  the  fifteenth  century,  16  in  the 
sixteenth.  21  in  the  seventeenth.  75  in  the  eighteenth.  P.  Bagel- 
hirdus  De  a*:'jriiudtmbus  pxtfromm,  1487,  and  Burtholomcue  Mct- 
linger,  Em  vast  niililich  Regitnent  der  jungfn  Kinder,  Augsburg, 
1473.  opened  the  printed  pediatric  literature  of  Europe.  In  the  six- 
tcvnth  century,  Svbuetianus  Au.^triu8,  De  puerorum  morl/it,  Busileac, 
1549,  and  Hieronymus  Mercurialia,  De  tnorbi$  puerorum  traeUUiu. 
1583.  are  faeik  pnnctprs ;  In  the  eightpenth,  Th,  Harris,  Df  morbit 
inlantvm,  Amst-clodaini,  1715;    Lo«w,  £>e  morbi*  injantum,  1719; 
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W.  Andry,  L'orthepedie  ou  fart  de  privenir  tt  comger  dans  Us 
enfania  lea  difformilfn  <lu  corps,  1741;  Nils  Itoseo  de  IluaetiBteiii , 
1752;  E.  AnnHlronR,  An  Essay  an,  Diaeaaea  moM  FalaJ  to  Injantt, 
1768;  and  M.  Underwood,  Treatise  on  the  Diseases  of  Cfittdrfn,  17M; 
also  HufeliLnd.  fst iiblishcd  pcdiutriei;  em  ft  cliiitcul  entity;  while 
Edward  Jenner,  1798,  An  Inquiry  into  tkv  Causes  and  EfJeeU  of  the 
Variolac  Vaccinae,  opeaed  the  poBsibilities  of  a  radical  preveotioa  of 
iofectiotts  And  conKvgioiis  diseases,  the  vary  snhjt-ct  which,  a  centurj- 
later,  is  engtiging  the  best  minds  and  a  host  of  afisiduous  workers  in 
the  service  of  phipie-stricken  mankind. 

In  the  United  Rtates  pediatrics  was  taught  in  medioul  schuoU,  or 
was  expected  to  be  taught,  by  the  professore  of  obstWrice  and  the 
diseases  of  womtn  and  children.  The  reorganisation  nf  the  New  York 
Medical  College  in  East  Thirteenth  Street  facilitated  the  creation,  in 
1860,  of  a  special  clinic  for  the  discafiog  of  the  young.  Instead  of  the 
united  g^necolDgic  and  obirtotric  clinics  held  by  Redford,  Cilman, 
and  G. T.  Elliott  In  th^r  respective  medical  collegen,  there  was  a  single 
clinic  for  the  diseasee  of  the  young  exclusively.  When  the  Civil  War 
caused  the  College  to  close  its  doors  forever,  in  1S64,  the  clinic  waa 
transferred  to  the  University  Medical  College,  and  in  1S70  to  the  Col- 
lege of  Physicians  And  Surgeons.  Meanwhile  other  medical  echoole 
imitated  the  example  thus  presented.  The  teachers  were  classed 
amongst  the  "  clinical  "  profefisore;  only  in  those  schools  which  are 
forming  part  of  imi%'ereitieA  and  are  no  longer  proprietary  estahlisli- 
mentB.  &  few  oow  occupy  the  honored  poation  of  full  professors;  in  a 
very  few  the  professor  of  pediatrics  is  a  full  member  of  the  "  faculty." 

In  the  English  Cnlouies  of  America  the  earlieitt  treatise  on  a  medi- 
cal, in  part  pediatric  subject  was  a  broad«de,  12  inchee  by  17.  It 
was  written  by  the  Rev,  Thomas  Thachcr,  and  bears  the  date  Jan- 
uaiy  21,  1677-8.  ft  was  printed  and  sold  by  John  Foster  of  Boston. 
The  title  is  "a  brief  nde  to  guide  the  common  people  of  New  Eng- 
land bow  to  order  ihemselvea  and  thciw  in  the  Small-Pocks,  or 
measles."   A  second  edition  was  printed  in  1702. 

fiefore  and  about  the  same  time  in  which  American  pediatrics 
received  its  lirat  recognition  at  the  hands  of  the  New  York  Medical 
College,  European  literature  furnished  a  now  and  brilliant  special 
literature.  France  whioh  almost  exclusively  beid  up  the  flag  of 
scientific  medicine  during  the  first  forty  years  of  the  dgbteeoth 
century,  furnished  in  C.  liillard'n  Traiti  des  maladxtt  dn  cnfanta 
nouveau-nfg,  1S2S.  and  In  RilUet's  and  Barthes's  TraiU  dinitjue  et 
pretiquc  dti  maladies  det  enfaids,  1838-43,  etandard  works  which  were 
examplen  of  painstaking  research  and  fertile  observation.  England, 
which  produced  in  1801  1.  Cheyne's  Essays  on  ike  Diseases  of  Chil- 
dren, gave  birth  to  Charles  West's  classical  lectures  on  the  diseasee 
of  infants  ajid  children  in  184S,  and  F.  CburchJU's  treatise  in  1850L 
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Hie  German  language  funiiahed  a  master-irork  in  Bednar'a 
Die  Krankh^iU-n  der  Nrugcborm-n  vnd  Sdtiglinye,  1850-53.  A.  Voijel 
Bnd  C.  Gerhardt,  both  fieneral  clinical  teachers,  gave  each  a  text- 
book in  tSOO.  Henoch  in  1861;  and  Steffen  in  1865-70,  published 
a  EcriM  of  cUiiatical  «»«»)-!<. 

The  number  of  men  int«rest«d  in  the  study  and  teaching  of  pedia- 
trics grew  in  proportion  to  theresearchesand  wants  of  the  profesgion 
It  large.  Tlmt  ix  why  three  large  and  InQucntiul  cyclopediiiB,  the 
irorks  of  many  authors,  foxind  a  ready  market,  namely,  C.  Gerhardt 's 
Hawibuch  der  Kirder-Kmnkheilen .  1877-93;  John  M.  Keating's 
Cycloptdia  of  Ike  Diteasct  oj  Children  Medical  and  tlur^ieal.  1889-90, 
and  1.  Grancbor's  and  1.  Comby's  Traits  dea  AtaUidicB  des  Enjanls,  in 
fire  volumes,  the  second  edition  of  which  in  being  printed  this 
vwy  year. 

The  collective  and  periodic  litcruturc  of  pcdiatrice  began  at  a  com- 
paratively early  time.  There  was  a  period  towards  the  end  of  the 
eighteenth  century  when  the  influence  of  Albrecht  von  Haller  eeenaed 
to  Bturt  n  new  life  fur  German  medical  literature  before  it  lost  itself 
again  in  tlte  intellectual  darkness  of  ScbelUng'H  natural  philotiophy, 
from  which  it  took  nil  the  powers  of  French  enthusiasm  and  research, 
und  the  epoch-making  labora  of  Skoda,  Rokitansky,  and  finally 
Virchow,  to  resuscitate  it.  About  that  early  time  of  Haller,  there 
•ppeaied  in  LicgnitK,  1793,  a  collection  of  interesting  trcatiwa 
on  some  important  (]i.4ea!«es  of  children  (Savimlung  xnteressanttr 
Abhandlungen  ti&tr  filiehe  wichtige  Kinderkrankheiten).  France 
followed  in  ISII  with  a  colkction  bcarinp;  the  title  La  Clinique  des 
H&pttaux  des  enfants.  et  revue  retrospective  mldica-chirurgicale  ft 
hygifinique.  Publifes  sous  ten  auspices  et  -par  Us  mfdecint  rf  chirur- 
piena  das  hSpitnux  conaacr/a  aux  maiadiet  des  enfants.  Next  in 
order  are  five  volnmeB  of  Franz  Joseph  von  Metzler'n  Sammluny 
avaerletrner  Ahhandl-mujen  iiber  Kinderkrankheiten.  1833-36;  twelve 
fascicles  under  the  title  Aruikklcn  Hber  Kindrrkrankknten  oder 
Sammlung  nusgtwStUer  Ahhandlungen  iiber  die  Krajikkelien  dea 
Kindliehen  Alterg  ;  In  rlinique  des  Hdpitaux  des  enfnnta.  ReHadeur 
en  chef  Vanier.  Paris.  IS41;  and  I.  Bohrend  and  A.  Hildcbrandt, 
Journal  far  Kindrrkrankhriten.  which  appeared  regularly  from  1843 
to  1872.  It  gave  wiiy  to  the  Jahrbuch  far  Kindtrheilkunde,  which 
appeared  in  quick  imd  regular  auccession  from  1858  to  the  present 
time.  Three  series  of  Austrian  joumale  between  1S65  and  IS78  con- 
sisted of  a  doien  volumes  only.  They  contain  among  other  important 
contrihutiona  the  very  valuable  essays  of  Hitter  von  Ritlershayn, 
who  de^cTved  more  recognition  during  his  life  and  more  credit  niter 
his  death,  for  his  honesty,  industry,  and  originality,  than  he  attained. 
Special  pediatric  journals  have  multiplied  since.  The  United 
States  has  two,  France  three,  Germany  five,  Italy  two,  Spain  one. 
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As  long  as  th*y  are  t»kcn  by  the  profession  wc  should  not  spenk  ot 
over-production.  I  attribute  their  exislenoe  to  the  K^neral  conviction 
ihat  there  is  no  greater  need  than  of  the  distributioD  of  knon'led^ 
of  the  prevention  And  cure  of  the  diaeiuci^  of  the  young.  The  lit«n»- 
ture  of  pediatrics  seenis  to  prove  it.  Not  7000,  &e  before  18S0,  not 
even  70.000  titles  of  booka,  pEunphlets,  and  magasine  articlee  ex- 
haust the  number. 

Pediatric  societies  bave  increased  at  the  same  rate.  The  American 
Mrdicnl  A-ssnciation  and  the  British  Mcdiciil  Associution  founded 
euch  a  section  twenty -five  years  ago,  the  New  York  Arademy  of  Medi- 
cine io  1SS6.  Tho  American  Pediatric  Society  was  founded  in  1889, 
the  tiescllAchaft  fiir  Kindurheilkundc  cnnoccted  with  the  GermaD 
OeseH.'tchaft  der Aerate  uiid  Naturforscherin  1883, the Englioh  S^ociety 
for  the  Study  of  Dl&easc  in  Children,  in  1900.  There  are  pediatric 
societies  in  Philadelphia,  in  the  Slate  of  Ohio,  in  Paris,  Kiew.  St. 
Petersburg,  and  many  places,  all  of  them  engaged  In  earnest  work 
which  is  exhibited  in  volumes  of  their  own  or  in  the  magazines  of 
the  profession.  If  we  add  the  annual  reports  of  hundreds  of  public 
institutions,  which  are  so  numerous  indeed  that  a  large  voUimo  of 
8.  Hiigel,  Beachreibung  sdmrntlieher  KinderheiiamAaiten  in  Europa, 
«'88  required  as  early  aa  1S48  to  enumerate  tliem;  and  an  eiiormouB 
numlwr  of  text-books  of  mastcra,  and  of  such  a»  arc  anxioua  to 
become  so,  and  monographs,  and  esfi&ys.  and  leotures,  and  notefi 
preliminary  and  othernise,  which  till  the  magatines  that  most  of  us 
titke  or  sec,  and  some  of  us  read  —  we  may  form  ao  idea  to  what 
extent  a  topic  formerly  neglected  hafi  taken  hold  of  the  conscience 
and  the  imngination  of  the  medical  public. 

Before  1769  there  woe  no  injtitutiun  si)ecially  provided  for  sick 
children.  They  were  admitted  now  and  then  to  foundling  institutions 
and  general  hospitals.  In  that  year  Dr.  G.  Armstrong  established 
a  diwpensan,'  in  London  which  waj*  carried  on  initil  he  died.  A  similar 
institution  waa  founded  in  Vicnnft  by  Dr.  Marstalier.  in  1784.  Goolis 
took  charge  uf  it  in  17U4,  L.  Politzer  develn[)ed  it,  and  it  Ib  Rtill  in 
cxietenco,  Before  the  French  Republic  waa  strangled,  it  founded  the 
fir»t  and  largcs^t  child'g  hospital  in  Europe,  L'Ii6pit&l  des  Enfants 
malados,  in  1802.  The  Nicolai  Hospital  waa  established  in  St.  Peters- 
burg in  1S31  by  Dr.  Friedburg;  the  St.  Anne's  Child's  Hospital  in 
Vienna,  1837,  by  Dr.  Ludwig  Mauthucr;  and  the  Poor  Cbildren'a 
Hospital  of  Buda  Pesth  in  1839  by  Dr.  Schiipf  Uerei,  who  after- 
wards founded  and  directed  the  Child's  Hospital  of  Manchester, 
England. 

Since  that  time  the  increasing  interest  in  the  diseases  of  children 
on  the  part  of  humanitarians  and  of  phyaicians  and  teachers  hoe 
multiplied  children's  hospitals.  Mn<it  of  them  are  small,  but  they 
are  numerous  enough  both  to  oxiiibit  and  disseminate  the  sense  of 
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responsibility  to  the  sick  and  to  the  necessitios  of  t«&cliuig.  Tb9 
United  States  has  been  I  lie  last  country  to  participate  in  these  mdoa- 
vors.  The  mostly  proprietary  medical  schools  did  not  find  pedintric 
tesctuDg  U>  their  udvantag<!,  luid  It  took  tbc  licarts  and  purses  of  the 
public  a  long  time  to  be  opened.  The  wavea  of  humunitariatiism, 
sometimes  directed  by  a  church,  and  the  demands  of  seient-e  have 
finally  overcome  previous  iodoleiice.  There  are  numy  general  hospi- 
tals that  gradually  opened  special  children's  wards.  You  find  i>erli- 
»tric  hospitals  in  some  of  the  larger  cities  —  New  York,  Boston, 
Philadelphia,  Albauy,  St.  Louis,  and  others.  It  has  so  happened, 
however,  that  rcul  apccialtieu  have  appealed  more  to  the  general 
sympathy  than  pediatrics.  Tliut  is  why  the  number  of  beds  in 
orthopedic  and  other  special  hospitals  are  mostly  favored.  Practical 
teaching  has  not  been  cxteniuvc.  Children's  hospitals  that  should  be 
UBBd  for  that  purpose,  and  that  are  directly  etiimected  with  a  medical 
school,  are  but  few.  Lt  has  taken  the  medical  faculties  cvea  of 
universities  loo  much  time  to  appreciate  the  necessity  of  special  and 
well-regulated  bedside  teaching.  In  some  inHtancos  lay  trustees, 
guided  by  their  medical  advisers,  have  opened  their  wards  before 
faculties  have  coii.<ented  to  open  their  eyes.  At  llie  prenent  time, 
however,  there  is  hardly  a  great  medical  school  that  dops  not  pve 
amphitheatre  or  bedside  instruction,  either  in  a  children's  ward  of  a 
general  hospital  or  in  a  special  children's  or  babies'  hospital.  To  a 
Mrtain  extent  the  teaching  of  pediatrics  in  a  general  hospital  has  its 
great  ndvaot  ages.  It  Is  not  a  spticialty  like  that  of  a  especial  sense  or 
a  tissue.  For  the  purpose  of  study  it  had  to  be  segregated,  but  it  will 
never  be  torn  asimder  from  general  medicine.  Vogel  and  Gerhardt 
were  both  general  clintciane. 

The  comparative  anatomy  and  physiology,  hygiene,  etiology,  and 
Boeology  of  pediatrics  have  been  disteussed  before  you  by  one  of  the 
most  prominent  pediatrlsts  of  our  era.  It  will  be  my  pri^^lege  to 
explain,  a«  far  as  time  will  permit,  its  relation  to  general  meilicine, 
to  embryology  and  teratology,  obstetrics,  hygiene,  and  private  and 
public  sanitation,  to  therapeutics  both  pharraacal  and  operative. 
Mid  to  the  specialties  of  otology,  ophthalmology,  dermatology,  and 
the  motor  system,  to  pedagogy,  to  neurology  and  psychiatry,  foren- 
«c  medicine  and  criminology,  and  to  social  politics. 

Infancy  and  childhood  do  not  begin  with  the  day  of  birth.  From 
conception  to  the  termination  of  fetal  life  evolution  is  gradual. 
The  result  of  the  conception  depends  nn  parents  and  ancestors. 
Nowhere  are  the  laws  of  heredity  more  perceptible  than  In  the 
etmettirc  and  nature  of  the  child.  Fhyacal  properties,  virtues  and 
ana,  and  tendcndcs  to  disease  may  not  stop  even  with  the  third 
or  fourth  geoeratiou.  Hamburger  and  Osier  trace  au  an(do-ncu- 
rosia  through  six  generations,  the  first  case  in  the  series  being  ob- 
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BWrved  by  Bcnj&min  Ittuti.  In  many  instances  still-tnrths,  ccdy 
diseases,  atrophy,  and  undue  mortality  of  the  young  depend  on 
aate-natfti  happeniugs.  The  condition  and  diet  of  the  mother  in- 
Baencea  hur  nfTeprinj;.  The  danj^r  of  a  cont  ravtcU  pelvis,  and  ihc 
neceaaity  of  premature  delivery  may  be  obviated  by  the  restric- 
tion of  the  diet,  or  even  by  appropriate  (thyrwd  and  other)  medi- 
cation of  the  pregnant  woman.  Experience  and  experiment  tell 
the  same  story.  The  continued  practice  nf  preventing  cooception 
causes  endometritis.  Alcoholism  oaiwes  chronic  placentitis,  pre- 
mature confinement,  or  atill-birth.  So  does  chrouic  phosphorus 
and  lend  poisooing.  Fortunately,  however,  the  ueuul  niedic-itiou 
resorted  to  during  labor  is  rarely  danf^roua,  for  even  morphiac 
or  ergot  doses  ^ven  to  the  parturient  woman  on  proper  indica- 
tions affect  the  newly-born  rarely,  and  chloroform  aac<!the$ia  almost 
never. 

Scanty  amaiotic  liquor,  by  the  prevention  of  free  intm-uterine 
exvursione.  may  cause  clut>-fool ;  or  cluec  contaet  of  the  surface; 
of  the  embryo  and  the  membranes  give  rise  to  adhesions  of  ibc 
placenta  and  the  head,  to  filaments  and  bands  whose  pressure  or 
traction  produces  grooving  or  amputation  of  limbs,  cohesion  o( 
toes  or  finficrs,  umbilical,  meningeal,  encephalic,  or  spinnl  hernia: 
not  in  extra-uterine  pre^ancy  only,  where  auch  occurrences  arf 
very  frequent.  Even  the  majority  of  harelips  and  fissured  palates 
have  that  origin.  Arrests  of  development  and  fetal  inSuinmatiou 
are  the  heAdin};s  under  which  most  oF  the  nnomaliea  of  the  newly- 
born  may  be  subsumed;  congenilut  diwases  of  the  ear  and  of  the 
heart  may  result  fnim  either  cause  or  from  both.  Obxiruclions 
of  the  intestine!),  the  rare  oloeurea  of  the  esophnpus,  the  ureicr. 
and  the  urethra,  with  hydro-uephrogie  and  cystic  degeneration  of 
the  kidnev*",  are  probably  more  due  to  excessive  cell  proliferation 
in  the  minute  original  grooves  than  to  inflammation. 

Tlie  insufficient  clo.sure  of  normal  embrj'onic  fissures  or  (grooves 
explains  many  cases  of  spina  bifida,  many  of  envephalocele,  moet 
of  the  ^plil  lipH  and  palates,  all  of  irareneephal^is,  bifid  u%'ul&  and 
epiglottis,  pharyngeal  and  thymf^tosKal  fi&tulo),  the  communica- 
tions between  the  intestinal  and  uro-genital  tracts,  aad  the  per- 
ristency  and  patency  of  the  urachun,' 

Heredity  need  not  ghuw  itself  in  the  production  of  •  fully  de- 
veloped dijwape.  It  exhibits  itaelf  normally  either  in  equality  or 
resemblances,  either  total  or  partial,  of  the  body,  or  some  one  or 

'  J.  W.  nnUantyni^,  iit  hk  manual  of  niitr-natal  palholc^  and  hygiitio*.  1S02. 
hu  m  KpiaaU'  clinplcr  on  the  n-latioD<^  of  aiil«-nata]  palliulogy  to  otbcrbtaoclieiof 
Btiidy.  to  tcrnf rnl  tiHtholoKy.  to  Die  hioloi^cal  ti'u-j\c>s,  micIi  ea  aiiatomjr,  embm- 
hgy.  phyxioUiKy.  \>oUtiy,  nmi  KciOlogi-,  and  to  (he  medical,  including  otiitatnci. 


pufilic  lii'ftlth,  jiriliiUriw.  innilicimi,  j*yc!io)oE.v.  (icmmtol<>E>'. 
pnilici  luid  mi^dicid  juruprudeiiM',  finally  to  g^Ttcrniogy  and  n«io-i 
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more  of  Us  estenial  or  uitemsl  oi^aos.  la  this  way  it  may  aflect 
the  ner\'oufl,  th*  mueciilftr,  tbo  osscoua,  or  other  tiasuctf.  That  is 
why  dystrophiea  in  differeat  forim,  ub(>iiity,uchondrupIasia,  hyper- 
plasia, or  atrophy  may  be  directly  inherited,  while  m  otber  caaca  the 
dispoiaUon  to  di^isucrutioQ  only  is  traosmitled. 

Hetedilary  degeneracy  is  oft«n  caused  by  social  inQueiiveii,  The 
immoral  coaditioas  created  by  our  fiounctal  aystem  make  women 
select  not  Ihe  strong  and  hearty  aiid  the  young  husbaad,  but  the 
rich  and  old,  with  the  resull  of  haviug  less  and  less  vigorous  chil- 
dren. Certain  prafcesiDiie,  the  vocutiona  of  soldiers  and  marincrti, 
and  subordinate  positiona  of  employees  in  general,  eaforce  com* 
plete  or  approximative  celibacy,  with  the  satne  result.  The  na- 
tions that  submit  to  the  ullc^d  necessity  of  kiiiping  millions  of 
men  in  standing  armies,  are  threatened  with  a  degenerated  oGT- 
epring,  for  not  only  do  tiiey  keep  the  strongest  men  from  timely 
mATiiagcs,  but  they  incrvaae  prostitution  and  venereal  diaeadca, 
with  their  diro  conscquencee  for  men,  women,  and  progeny.  Wars 
lead  to  the  same  result  in  incrensed  proportion,  tor  tens  and  hun- 
dreds of  thousands  of  the  sound  ineu  are  slain  or  crippled,  or  de- 
moralized. ThoBc  who  are  inferior  and  unfit  for  phyaicftl  exer- 
tions remain  behind  and  procreate  an  inferior  race;  those  who 
believe  with  Lord  liosebery  that  an  empire  is  of  but  little  use  with- 
out an  imperial  nice  wiCl  always,  in  the  interests  of  a  wholesome 
civilization,  object  to  the  imtutored  enthuEdaam  which  dcnauiices 
the  "weakling,"  and  the  "craven  cowardice"  of  those  who  believe 
in  the  steady  evolution  of  [leace  and  harmony  amongst  men,  and, 
in  sympathy  with  the  physical  and  moral  health  of  the  present 
and  future  generation,  will  prefer  the  cleanly  and  washed  epurts- 
manship  of  an  educated  youth  to  that  of  the  oiud-streaked  and 
blood-fltained  man-hunter. 

A  great  many  diseastd  conditions  cannot  be  thoroughly  under- 
stood unless  they  be  studied  in  the  evolving  being.  Tumors  are 
rarely  inherited,  but  many  of  them  are  observed  in  early  life.  Lym- 
phoma, earcoma,  also  lipoma  and  carcinoma,  and  csylic  degen- 
eration, are  obser\cd  at  birth,  or  within  a  short  time  after,  and 
■eem  to  favor  Cohnheim's  theory,  according  to  which  many  owe 
their  origin  to  the  persistence  in  an  abnormal  location  of  embryonic 
cells.  Tliis  theory  does  not  exclude  the  fact  that  congenital  tumom 
may  remain  doniiant  for  years  or  decades  and  not  destroy  the 
young. 

So  much  on  some  points  connected  with  cmbry{d<^  and  (era- 
tahgy.  The  connection  with  obadrieal  practice  is  equally  intimate. 
Three  per  cent  of  all  the  mature  lining  fetuses  are  not  bom  into 
postnatal  life  this  very  day.  To  reduce  the  mortality  even  to  that 
figure,  it  has  taken  much  mcreasc  of  knowledge  and  improvement 
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til  the  art  of  obstetricii  to  euch  un  extent  that  it  has  become  poe- 
able  by  Cesarean  section  not  only  to  save  the  fetua  of  a  living, 
but.  also  of  a  dead  mother,  for  the  fetus  in  Ler  may  survive  the 
dying  woman. 

But  after  all.  many  a  baby  would  be  better  off,  and  the  world 
also,  if  it  bad  died  during  labor.  There  are  those,  and  not  a  few, 
who  ar»  bom  uepliyxiutcil  on  account  of  intcmiptcd  circulation, 
compression  of  the  impacted  head,  or  meningeal  or  encephalic 
hemorrhage,  which  destroys  many  that  die  in  the  first  week  of  life. 
Tlioeo  who  are  not  so  taken  away  may  li%-e  as  the  result  of  pro- 
tracted asphyxia  only  to  be  paralytic,  idiotic,  or  epileptic.  Many 
times  in  a  long  life  have  I  urged  upon  the  practitioner  to  remember 
that  e-\-ery  second  added  to  the  duration  of  asphyxia  adds  to  th« 
dangers  either  1o  fife  or  to  an  impaired  human  existence.  Be- 
sides fracture;!,  facial  or  brachial  paralysis,  cephalhematoma  and 
hematoma  of  the  Rterno-cleido  mastoid  muscle,  gonorrheal  ophthal- 
mia, nith  its  daogors  to  eight  and  even  life,  may  be  daily  occur- 
rences in  an  obstetrician's  life.  All  nuch  cones  prove  the  insuffi- 
ciency of  knowledge  without  art,  or  of  art  without  knowledge, 
and  the  grave  responsibility  of  the  practical  obstetrician.  To  loee 
a  newly-lmm  by  death  causes  at  least  dire  bereavement;  to  cripple 
hie  future  is  not  rarely  criminal  negligence. 

Within  a  few  days  after  birth  the  obstetrician  or  the  pediatriat 
haa  the  opporlunity  of  obaenTng  all  sorts  of  microhic  infections, 
from  tetanus  to  hemorrhages  or  gangrene,  and  the  intense  fonne  of 
sypliilis.  Not  an  uncommon  diseaae  of  the  newly-hom  and  the  very 
young  is  nephritis.  It  is  the  consequence,  in  many  cases,  of  what 
appeorii  to  be  a  common  jaundice,  or  of  uric  acid  infarction,  which 
la  the  natural  result  of  the  audden  change  of  metabolism.  The 
diwrticula  of  the  colon,  as  described  by  Hirschsprung  and  Osier, 
and  what  nearly  40  years  ago  I  chuructcrizcd  as  congenital  consti- 
pation, which  depends  on  the  exaggeration  of  tliR  normally  excessive 
length  of  the  sigmoid  flexure,  belong  to  the  same  class.  Their 
dangers  may  be  avoided  when  they  are  underelood.  Of  the  infoc- 
tioue  diseases  of  the  embryo  and  the  fetus,  il  Is  principally  syphilis 
that  should  be  coni^idered;  amongst  the  acute  forms  variola  and 
typhoid  are  relatively  rare. 

\^'hat  I  have  been  jwrniittcd  to  say  is  enough  to  prove  the  inti- 
mate interdependence  and  connection  between  pediatrics  and  the 
diseases  of  the  fetus  with  embryology  and  teratology,  obetetrics, 
and  some  purtA,  at  least,  of  social  oconomics. 

After  birth  there  are  anomalies  ajid  dixeaAcs  which  are  encountered 
in  the  infant  and  child  only.  There  are  also,  common  to  all  agee, 
though  niosdy  found  in  children,  such  as  exhibit  tt  Bymptomato- 
logy  and  course  peculiar  to  them.    The  first  class,  beadea  those 
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which  uc  eccn  in  tho  newty-bom.  ia  made  up  mostly  of  develop- 
mental (Usoutics,  —  scrofula,  riichitiB,  chlorasis.  The  actual  or 
alleged  ailtoentfi  connected  with  dentition,  most  fomis  of  stomatitis, 
Bednar's  90-eAllcd  aphthae,  the  ulceration  of  opithclifti  pearla  along 
the  raphe,  amygdalitis,  phnryngitia,  adenoid  proliferations,  lateru- 
and  letro-pharyngeal  absceasee  belong  here.  Infectious  diseasea, 
Eueh  as  vorioia,  diphtheria,  scArlatina,  measliys,  pertussis,  and 
luberculosia  of  the  filaiidB,  bones,  joints,  and  peritoneum,  have 
beoc  most  successfully  studied  by  pediatriste  or  thoee  clinicians 
who  have  paid  principfil  attention  to  pedology.  Meissner  prints  the 
titles  of  more  thaii  200  actual  monographs  on  scarlet  fever  pub- 
lished in  EuroiJC  before  1848,  Pleurisy  and  pneumonia  of  the  youn^ 
have  their  own  symptomatology.  Empyema  is  more  frequent  and 
requires  much  more  operative  interference.  Tracheotomy  and 
intubation  arc  mostly  required  by  the  young,  both  on  account  of 
thetr  liability  to  edema  of  the  larynx  and  to  diphtheria,  and  of  the 
narrowness  of  the  larynx.  Of  invagination,  25%  occur  under  one 
year,  53%  under  10.  Appendicitis,  eoraetimes  hereditary  and  a 
family  diseflM.  would  long  ago  have  been  recognized  as  a  frequent 
occurrence  in  the  young  if  it  had  not  been  for  the  difficulty,  mainly 
encountered  in  the  young,  and  sometimea  impoeability  of  its  diag- 
nosis. That  is  what  we  have  been  taught  by  Hawkins  and  by  Treves, 
and  lately  by  McCosh.  Operatiuns  on  glandular  ahscepses,  osteo- 
tomies, aad  other  operations  on  the  bones  and  joints,  particularly 
in  tubcrculoais,  and  on  malformations  such  as  have  been  tnen- 
tioned,  require  the  skillful  hand  of  the  operating  physician  in  a 
^eat  many  instances.  Omphalocele,  exstrophy  of  the  bladder, 
Undescended  testicle,  spermatic  hydrocele,  multiple  exostosee, 
imperforate  rectum.  atreaJa  of  the  vagina,  or  an  occasional  case 
of  stenoscd  pylorus,  belong  to  that  class,  some  requiring  immediate 
operation,  some  permitting  of  delay.  It  is  principally  infancy  that 
demands  removals  of  an^oma,  which  are  almost  all  succ^eEsfu), 
and  of  hygroma,  moetly  unsuccessful,  mainly  when  situated  on 
the  neck  and  resulting  from  obstruction  of  the  thoracic  duct  sonie- 
timeg  ooimected  with  thrombosis  of  the  jugular  vein.  Childhood 
requires  correction  of  kyphosis  and  acolioEig,  and  operations  for 
adenoids  and  hypertrophied  tonsila,  and  furnishes  the  opportuni- 
ties for  lumbar  puncture  and  laparotomy  in  tubercular  peritonitis; 
bIho  supra-pubic  cystotomy,  and  mastoid  operations.  That  gum- 
lancing  is  no  operation  indicated  or  permissible  in  either  the  young 
or  adult,  and  not  any  more  .10  in  the  former  than  in  the  latter,  is 
easily  understood  by  those  who  acknowledge  its  uecesaily  only  in 
the  presence  of  a  morbid  condition  of  the  gums  or  teeth,  and  not 
when  the  physiological  process  of  dentition  exhibits  no  anomaly. 
It  scarcely  ever  does.    Altogether  operating  specialists  would  work 
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and  knnvr  v&ry  much  less  if  a  large  majority  of  the  cases  were  not 
iiitrust'ed  to  them  by  the  pediatrist.  who  recognizee  the  principle 
that  those  who  are  best  fitted  to  perform  it  should  \w  tniated  M'ith 
important  medical  work.  So  well  is  the  seriousness  and  difBoulty 
of  operative  procedurea,  as  connected  with  diseaaea  of  children, 
rpcogniztfd  by  expertB,  that  1500  pngcii  of  Gcrhardl's  handbook 
are  deilicated  to  external  imtholojry  and  operations,  a.nd  that  spe- 
cial works,  beeidce  many  mnnographp  by  hundreds  of  authora, 
have  been  written  by  such  mai^ters  as  Guersant,  Forgter,  Bryant, 
Giraldifl,  Holmes,  St.  Germmn,  Karewski.  Laaiielonguo,  Kirmis- 
eon.and  Broca. 

finrapecialists  recognixe  the  fact  that  otnlogj*  is  mostly  a  specialty 
of  the  young.  The  newly-born  exhibit  ehaugcs  iu  the  middle  ear 
which  an;  variously  attributed  to  the  presence  of  epitheliul  detritus, 
to  the  aspiration  of  foreign  materia],  or  to  an  edema  ez  im^uo  occa- 
sioned by  the  separation  of  formerly  adjacent  mucous  surfaces.  Pus 
is  found  in  the  middle  car  of  75  %  of  the  Btilbboni  or  of  dead  nurs- 
lings. It  contains  meconium,  lanugo,  and  ^-emix.  Aschoff  '  exam- 
ined 50  8til(-bom,  or  such  aa  had  lived  Ipm  than  two  hours;  28  oF 
thera  had  pus  in  the  middle  ears  (65  %).  He  also  examined  35 
infants  that  had  lived  longer  than  two  hours;  24  had  pus  (70%). 
E\'idently  the  latter  claas  had  been  exposed  to  a  miorohic  invasion.: 
The  diagiioKB  iii  the  living  infant  is  ver^-  dilTicult,  mostly  impoesbte, 
on  account  of  the  large  aiiw  of  the  Eiiatachian  tube,  wliich  after 
having  admitted  the  Infection,  allon-s  the  pus  to  escape  into  the 
pharynx  and  the  re,ft  of  the  alimentary  canal.  Many  of  the  newly- 
bom  that  die  with  unexplained  fever*  perii«h  fr<jin  the  septic  material, 
or  Its  toxins,  absorbed  in  the  middle  ear  or  the  intestines.  Nor  are 
older  children  exempt.  Gcppert  (Jahrb.  f.  Kind.,  xlv,  1897)  found 
It  latent  otitis  media  in  75%  of  all  the  ittmates  of  the  children's 
hospitals.  Both  latent  and  known  otitis  is  often  connected  with 
pneumonia,  or  with  pneumonia  and  enteritis.  In  individual  canes  it 
may  be  difficult  to  deride  which  of  the  two  or  three  is  the  primary, 
which  the  secondary  affection. 

The  great  va.scularity  of  the  middle  car.  but  stilt  more  the  access- 
ibility of  the  furtnel-like  Eustachian  tube  in  the  infant,  renders 
otitis  media  very  frequent.  SchwartBo's  assertion  that  otitis  media 
furnishes  22  %  of  all  ear  cases  in  general  or  special  practice  is  surely 
correct.  Besides,  difficult  hearing  is  very  frequent  in  the  yonng,  a 
fact  of  the  jreatest.  import  to  pedagogy.  As  early  as  1886  Bewld 
found  that  of  1900  school-children  25%  hadonly  one  third,  and  11  % 
of  the  others  only  one  fifth  of  normal  boaring,  The  frequent  affec- 
tions of  the  nose  and  pharynx  in  the  young  explain  these  facts  and 
exhibit  the  possibilities  of  prevention.  Finally,  the  immature  cod- 
■  Aicboff.  f.  /.  OhrtnA.  vol  xxxt. 
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[Utiun  oEthe  mastoid  process  and  of  the  flour  of  the  external  canal  and 
ihe  frequency  of  pritnary  bone  tuberculosis,  are  best  appreciated  by 
the  pnictittonor,  gencrul  or  spcciitl,  who  deals  with  their  ubsccsses. 

Whether  deaf-mutism  is  the  result  of  consanguineous  marriage 
cannot  be  definitely  asserted.  It  is  not  often  hereditary,  quite  oft«Q 
it  appears  to  be  the  r«>8uh  of  family  alcoholism;  it  sutiictimes  depends 
on  arrest  of  development  and  fetal  inflammation,  but  is  more  fre- 
quently an  acquired  condition.  Not  rarely  children  are  affected  after 
ihey  U&ve  been  able  to  speak.  The  majority  of  vases  are  caused  by 
cenbral  or  ccrebro-spinnl  inflammation.  According  to  Biedert,  56  % 
air  of  that  chisa,  28  %  are  caused  by  infectious  dtM-'uses  (cerebro- 
flpina]  meningitis,  sc&rlatina,  typhoid  fever,  diphtheria,  also  variola 
and  measles),  3.3%  by  injuries,  and  only  2.5%  are  original  ear  affec- 
tions. Thus  many  of  the  congenita]  cascH,  and  most  of  the  acquired, 
are  preventable.  More  and  more  will  our  deaf-mute  institutions 
avail  themselves  of  thia  knowledge,  and  will  learn  how  to  tench  their 
children  not  only  liow  to  rend  and  write,  but  also  how  to  hear. 

Not  to  the  same,  but  to  a  great  extent,  pediatrics  and  ophthal- 
mology join  handa.  Infectious  diseoses.  sueh  as  diphtheiia,  affect  the 
conjunctiva  and  sometimes  Ihe  cornea.  Syphilis  of  the  cornea,  with 
or  without  chronic  iritig,  is  the  form  of  parenchymatous  or  diffuse 
keratitis.  A  frequent  tumor  in  the  eye  of  the  young  is  glioma,  and 
frequent  symptomatic  anomalies  are  strabismus  and  nystagmus  — 
both  of  them  th«  results  of  a  great  many  and  varioiw  external  or 
internal  causes,  with  sometimes  difficult  diagnoses. 

The  connection  of  pedology  with  ifermaiohipj  is  more  than  skin 
deep;  some  of  the  most  interesting  problems  of  the  latter  must  be 
studied  on  antenatal  and  postnatal  lines.  The  congenital  absence  of 
small  or  large  parts  of  the  surface  is  probably  due  to  amniotic  adhe- 
sions; seborrhea  aiid  the  mild  form  of  lichen,  also  the  furunculosis  of 
iofuit  cachexia  and  atheroma,  to  the  rapid  development,  in  the 
wcond  half  of  intra-uferine  life,  of  the  aebBceous  follicles;  ichthyo- 
eis,  to  the  same  and  to  a  bypertivpby  of  the  epidernus  and  the 
papillae  of  the  corium,  sometimee  with  dilatation  of  their  blood- 
vewelsajid  with  gclerosis  of  the  connective  tissue.  Congenital  anoma- 
lies,  such  as  lipoma,  sarcoma,  naevu?  pigmentoeus,  open  sU  the  qiiett- 
Uons  of  the  embryonal  origin  of  neoploams;  and  the  eruptions  on  the 
infant  surface  unclose  to  the  specialist  the  iiubject  of  infectious  dis- 
eoisvs.  We  recognize  in  the  pemphigus  of  the  palms  and  soles  syphi- 
lis; in  herpes,  gangrene,  and  in  what  I  have  described  as  chronic 
neurotic  pemphigus,  the  irritable  nervous  system;  in  eczema,  consti- 
tutional dielurbonccs  of  the  nutrition;  in  erythema,  local  irritation 
or  intestinal  auto-infection;  in  isolated  or  multiple  forms  ranging 
between  hyperemia  and  cxiidntinn,  the  effect  of  local  irritation  or  the 
Mute  or  chronic  influence  of  drugs.   A  dennatologist  who  knowa  no 
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embryology  or  pedology,  a  pcdiatrist  who  knows  do  dermatology,  ia 
ftnything  but  a  competent  and  iniBtworlhy  medicnl  practitioner. 

The  (Ueeasee  of  the  muscUa  internet  the  pediulhst,  the  surgical 
epeciulist,  the  orthopedist,  and  the  ocurol(>gii)t,  to  an  equal  extent. 
Many  forms  of  myoiuti8  are  of  infectious  origin.  Amongst  tUc  special 
forms  of  muscular  atrophy  it  \s  the  hereditary  variety  wliich  con- 
cerns the  £rst.  The  spiaal  nouritic  atrophy  form  the  myogenous 
progieBsive  dystrophy,  iucludiTig  the  so-called  pseudo-hypertrophy, 
Thwnson's  cougenital  myotonia,  and  atrophy  or  absence  of  muaclea 
^nuiiiily  the  pcctorul,  but  uleo  the  trajKzius,  quadriceps,  and  others 
—  no  matter  whether  they  are  primary  or  myogenous  (this  probably 
always.when  there  is  a  complication  with  progressive  dystrophy), 
are  of  epeciul  intcreel.  I  need  not  do  more  than  mention  torticollis  in 
order  to  prove  that  neither  the  special  pediatrist  nor  the  B]>eciat 
orthopedist,  nor  the  general  surgeon  can  raigc  the  claim  of  owner- 
ship. 

The  relations  of  pediatrics  to  fortntic  medicine  are  very  clow. 
Nothing  is  more  apt  to  demonittrate  thix  than  the  immense  litomturc 
in  every  language  on  infanticide  and  all  ihe  questions  of  physioloKy,  M 
physics,  and  chemistry  connected  with  that  subject.  The  mono-  " 
graphs  and  magazine  eesays  of  the  last  two  centuries  written  on  the 
value  or  the  fallacy  of  the  lung  test  in  Ihe  dead  newly-bom  wotUd 
fill  a  small  library.  Much  attention  has  been  paid  by  physicians  and 
by  fopeneic  authors  to  lesions  and  fractures  nf  the  newly-bom  head, 
and  to  anomalies  of  the  female  peUis  causing  tliera.  Apparent  death 
of  tlic  newly-bom  and  the  causes  of  sudden  death  in  alt  periods  of 
life  have  been  studied  to  such  an  extent  as  to  render  negative  results 
of  police  investigation  and  of  autopsy  reports  less  numerous  from 
year  to  year.  Must  sudden  dcalhe  receiving  the  attention  of  the 
authorities  occur  in  the  young.  There  were  (Win.Wynn  We.sfeott,in 
IlritCth  Med.  Jour.,  1903)  in  England  and  Wales  during  ten  years 
15,009  overUin  infants;  in  1900,  1774.  In  Liwrpool,  out  of  960 
inquests  there  were  143  on  babies  that  had  died  of  such  suffocation 
by  accident  or  malice  aforethought;  Id  London,  in  1900.  615;  in 
1001,511;  inig03,5$S.  In  London  they  had  annually  SOUO  official 
inquests,  one  in  14  of  which  were  on  overlain  infants.  The  etiology 
of  sudden  deaths  would  be  far  from  complete,  indeed  the  most  diffi- 
cult questions  could  not  be  solved  except  by  the  facilities  furnished 
by  the  observations  on  the  young.  Foreign  bodies  in  the  lar)^*, 
beans,  shoe-buttons,  and  playthings  generally,  even  ascarides 
(Bouchut),  bones  and  pieces  of  meat  aspirated  during  vomiting, 
oetite  edema  of  the  glottis,  aspiration  of  a  long  u\'u]a,  or  of  the 
retracted  tongue,  the  rupture  of  a  pharj-ngeal  abscMB  or  of  a  sup- 
purating lymphoid  body  into  the  trachea,  a  sudden  swclUag  of  the 
thymus  in  the  narrow  space  between  the  manubrium  and  vertebral 


I 


HISTORY   OP  PEDIATRICS 


Sll 


column,  which  at  best  measures  only  2.2  cm.,  even  a  coiyxa  in  the 
narrun'  now;  of  a  small  iufaril  filled  or  ool  with  adcnoidii  —  are 
causes  of  sudden  deatb. 

The  TUTTOJif  Bystrm  furniBhes  many  such  cases.  It  is  true  there  is 
no  longer  a  diffuse  iiitcislllial  euceplmlitig,  such  aa  Jastrowitz  would 
have  it,  nor  is  tho  hypertrophy  of  the  brain  by  far  eo  frequent  aa 
Hutteabreoner  taught,  but  there  arc  sudden  coliBpHe.s  and  deaths  by 
falls  on  the  abdomen,  by  sudden  alraiigulalion  of  large  heniiae,  and 
other  shocks  of  the  splanchnic  nen't*.  There  are  sudden  and  unex- 
plained deaths  in  unnoticed  attacks  of  coni-ulsions,  in  the  first  paraly- 
tic afcage  of  laryngiBmue  stridulus,  in  glottic  epasma  from  whatever 
C^use,  in  the  paralysis  — or,  according  to  Escherich^  laryngo-spasm 
—of  what  since  Paltauf  has  been  denominated  status  lymphaticus, 
in  cerebral  aneniia,  no  matter  whether  it  is  tlie  result  of  exhaustion 
or,  as  Charles  West  taught  us  60  years  ago,  from  tho  mere  change  of 
position  of  a  pneumonic  or  otherwise  tack  baby,  when  suddenly 
roiaed  from  its  bed.  Or  deatli  may  occur  suddenly  (a  very  frequent 
occurrence)  in  the  heart-failure  of  parenchymatous  degeneration  of 
the  heart-muscle  as  it  occurs  in  and  after  diphtheria,  influenza,  and 
other  infectious  diseases,  or  in  the  acute  sepsis  of  appendicitis  and 
other  intrapcritoneiil  affections,  whether  recognized  or  not.  For  the 
absorbing  power,  even  of  the  normal  peritoneum,  is  enormous.  Of  a 
very  acute  infection  ("infectio  acutisamn")  Wemich  spoke  as  early 
W1S83. 

In  gastroenteritis,  the  terminatiog  broncho-pneumonia  may  de- 
stroy life  quite  suddenly;  there  is  a  capillary  bronchitia  of  tho  very 
young  n'ith  no  cry,  no  moan,  and  no  cough,  but  nith  sudden  death; 
there  are  in  extreme  atrophy  fatal  emboli  into  the  pulmonary, 
sometimes  renal,  more  often  cerebral  arteries.  There  are  the  cases  of 
uremic  convulsions,  sudden,  with  sudden  death,  which  arc  often 
taken  to  be  merely  reflected  or  "providential,"  because  the  frequency 
,  of  acute  nephritis  in  the  newly-born  and  the  infant,  with  its  fever  and 
its  uremia,  iii  spite  of  the  publications  of  Martin  and  Huge,  Virchow, 
Orth,  Epstein,  and  my  own,  is  not  yet  fully  appreciated.  That  is  ho 
much  the  more  deplorable  as  the  diagnoas  of  nephritis  at  any  age 
is  readily  made  by  the  examination  of  the  urine,  which  is  eo  easy  to 
obtain  in  the  young.  Other  suddenly  fatal  conditions,  such  as  tbs 
acute  or  chronic  sepsis  I  mentioned  before,  often  quite  unKmiwcted, 
entering  through  the  umbilicus,  the  intestine,  or  the  middle  ear,  ore 
quit«  frequent. 

I  have  been  careful  not  to  mention  any  cause  of  death  tliat  may 
just  as  well  be  and  has  been  studied  in  the  adult;  hemorrhages,  the 
many  forma  of  sepsis  of  later  periods  of  life,  poisons,  such  as  carbolio 
acid  and  iodoform.  inleni!(>  cold  or  heat,  insolation,  etc..  for  it  is  my 
duty  to  exhibit  the  relation  to  forenac  medicine  of  pediatrics  only. 
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Foreusic  mediciae  has  to  gu&rd  the  intereets  of  all.  Xothiag  in  all 
modtcino  Im  more  diificult  thiiu  lltv  ilisc(i\'cry  of  ilic  cniii<e  of  deatti. 
The  best  knowledRe  of  the  advanced  praetitiuner,  of  the  pathologist, 
of  the  chemist,  of  the  bacteriologist,  of  the  obstetrician,  should  he  at 
the  service  of  the  people.  I^ver>'  Europeao  country  underetaods 
that  and  acts  on  that  knowled^.  Our  own  Massaohusetls  has  Inokon 
away  from  the  coroner's  institution,  which  was  a  tit  authority  for  a 
biickwooci:*  muriicipnltty,  but  h  so  no  longer  for  a  cultured  people  of 
eiphty  niillions.  Xow  and  th«n,  even  an  expert,  or  a  body  of  experts 
do  not  succeed  in  discovering  the  cause  of  death.  What  shall  we  say 
of  n  system  ■vvliich  now  and  then  does  discover  ihe  hidden  cause  of 
a  eudden  Heath?  When  the  New  York  State  Legiiilafuro  half  a  year 
ago  pa.«Bed  a  bill  abolishing  the  no  longer  competent  office  of  coroner, 
our  good  cultured  mayor,  a  gentleman  and  author,  vetoed  it  for  the 
reason  that  the  new  taw  was  not  perfect.  It  was  not  pronouncftd  per- 
fect by  anyhcidy,  no  law  is  nor  ever  was.  That  is  why  it  appears  he 
prefers  something  that  always  was  and  i.s,  and  ain-ays  mil  be  perfect, 
naniely,  the  absurd  incompotoney  and  anachronism  of  the  coroner's 
office.  That  is  perfect.  I  havcnot  hesitated  tot^xprciuim^'self  strongly 
and  positi^'ely,  for  I  have  been  called  upon  to  speak  to  you  about  the 
relation  of  pediatrics  to  other  ecionces  and  arts  —  politico  included, 
than  which  there  is  no  more  profound  practical  and  indispensable 
science  and  art.  The  greatest  historical  le^slatora  understood  thai 
perfectly  well,  when  they  knew  how  to  blend  hygiene  and  religion 
with  their  social  and  political  organization. 

One  of  the  greatest  questions  which  concerns  at  the  same  time  the 
practical  statesman,  the  hunianitarian  and  the  pediairist,is  that  of 
the  txeesaive  mortality  of  the  young.  The  Paiia  Academy  of  Medicine 
enumcrateO  in  its  discussions  of  1870  the  following  amongst  its 
causes:  Poverty  and  illness  of  the  parents,  the  large  number  of  ilie- 
gitimate  births,  inability  or  unwillingnejs  on  the  part  of  mothers  to 
nuree  th^r  offspring,  artificial  feeding  with  improper  material,  the 
ignorance  of  the  parents  in  regard  to  the  proper  food  and  hygiene, 
exposure,  absence  of  medical  aid.  careless  selection  of  nurses,  lack  of 
supervision  of  baby-farms,  general  neglect  and  iDfaiiticJde.  //  then 
he  anybody  nho  is  not  quite  certain  about  the  relationship  of  sciences 
and  arts,  he  will  still  be  convinced  of  the  correlntion  and  cooperation 
of  ignorance,  indolence,  viciousness,  and  death,  and  shocked  by  Ibe 
ehortcoinings  of  the  human  society  to  which  \vc  belong.  Mi^  of 
them  should  be  avoided.  Forty  per  cent  of  the  mortality  of  infants 
that  die  before  the  end  of  the  first  year  takes  place  in  tbe  linst  month. 
That  is  mostly  preventable.  A  few  years  ago  the  mortality  of  the 
infants  in  the  Mott  Street  barracks  of  New  York  City  wss  325  per 
thousand.  Much  of  it  is  attributable  to  faulty  did.' 

'  McMum  takoo  for  tix  purpOK  of  obtoiiiiiig  wliolcmmc  milk  bk  not  quite 
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Amongst  those  who  believe  in  the  omnipotence  of  chemical  for- 
mulae, there  prevails  the  opinion  that  &  baby  deprived  of  mother's 
milk  may  just  as  readily  be  brought  up  on  cow's  milk;  Hwl  is  easily 
diaproved.  Id  Ucrlin  they  foiiiid  that  amongst  the  con-s'-milk  fed 
babies  under  a  year  the  mortality  was  six  times  as  i;reat  mt  amongst 
biea^t'fed  infants.  Our  ovm  great  cities  gave  ua  similar  or  slightly 
smaller  proportions  until  the  excessive  mortality  of  the  \'ery  yoimg 
was  somewhat  reduced  by  tlie  care  bestowed  on  iho  milk,  introduced 
both  into  our  palaces  and  tenements.  Milk  was  examined  for  bacteria, 
deftnlinesw,  luid  chemical  reaction.  It  was  »l«riliied,  pdeteurizt^d, 
modified,  cooled,  but  no  cow's  milk  was  ever  imder  the  laws  of  nature 
changed  into  human  oiilk,  and  "Kilh  better  milk  than  the  city  of  New 
York  ever  had,  its  infant  mortality  was  greater  this  summer  than  it 
has  been  in  many  years. 

That  hundreds  of  Ihousaoda  of  the  newly-ljom  and  small  infants 
perish  every  year  on  account  of  the  absentie  of  their  natural  food  is 
a  fact  whieh  i?  known  and  which  should  not  exist.  Why  do  we  kill 
thoee  habie!«  or  allow  them  to  be  killed?  Wliy  ia  it  that  they  have  no 
breafl-milk?  A  laq;o  number  of  women  work  in  Geldfl,  still  more  in 
factories.  That  ie  why  their  infants  cannot  be  nursed,  are  farmed 
out,  fedartificinlly,  with  care,  or  without  it. and  die.  It  is  the  mittrule 
prevailing  in  our  social  conditions  which  compels  them  to  withhold 
milk  from  the  infant  while  tliey  are  working  for  what  is  called  bread 
for  theniflelves  and  their  families.  Many  of  these  women,  it  is  true, 
would  not  have  been  able  to  niir«c  their  newly-bom,  for  their  own 
physical  condition  was  always  incompetent.  The  same  may  be  said 
of  women  in  nil  walks  nf  life.  Insufficient  fond,  hard  work,  care, 
hct«litary  debility  and  disease,  tuberculosis,  alcoholism  of  the 
woman's  own  father,  modified  syphilis  or  nervous  diseases  in  the 
family — aye,  the  inabiUty  of  her  own  miither  to  nurse  her  babies, 
are  ever  so  many  causea  why  the  mother's  fountain  should  run  dry. 
Stntisties  from  largo  obstetrical  inatitutionB  (Ilegar)  prove  that 
only  about  50  %  of  women  are  capable  of  nursing  their  ofTspring  for 
merely  a  few  weeks.  In  the  presence  of  such  facts  what  are  we  to  say 
of  the  refusal  of  well-situated  and  physically  competent  women  to 
nurse  their  infants?  I  do  not  speak  of  the  "400,"  I  mean  the  400,000 
who  prefer  their  ease  to  their  duty,  their  social  functiona  to  their 
maternal  ohiigatinns,  who  hire  strangers  to  nurse  their  babies,  or 
worse  yet,  who  make-believe  they  belie\'e  the  claims  of  the  infant- 
food  manufacturers,  or  are  tempted  by  their  own  physcians  to 
believe  that  cow's  milk  casein  and  cov'.t  milk  fat  may  be  changed 

ttrw.    Regulations  nrrp  jivcn  in  Vtmicp,  ISM,  tor  the  aiiip  of  milk.    Milk  nnd  Ita 

products  of  (liai.'uai.'cl  uiiiiiinlB  wen:  forbiddeii,    Tliu  Puria  niuaicipalttv  of  17(^ 

,  tii>oini-<j  ttii-  farm-w  to  kivp  thuir  wiws  healthy  food.   ColorinR  onri  ilitutioa  of 

I  inUk  wen>  strictly  forUddun.  and  in  1792  they  knuw  In  Franco  how  to  t'laUBb 
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into  woman's  casein  and  fat,  that  chemitrtry  is  pli^-siology,  tbat  tbr 
live  stomach  is  like  a  dead  laboratory  bottle,  that  the  warmth  of  the 
human  boeom  and  that  of  a  DUFBiog  fiask  arc  idRnticiil,  and  that 
cow's  milk  la  like  human  milk  wheo  it  carrieB  the  trademark  "Ceiti* 
fied,"  or  "Modified."  Fhyaiolo^eal  chcmistrj'  itself  tPAchcs  that  the 
phosphorus  rombinatiuns  in  wuimui's  milk  in  the  shupc  of  aucldn 
and  lecithin  are  not  contained  in  cow's  milk,  and  that  the  large 
amounts  of  potassinm  and  sodium  salts  eontninod  in  coir's  milk  are 
dead  weights  rather  than  nutrients,  and  particularly  tli£  larRe  amount 
of  calcium  phosphate  occurs  in  a  chemical,  not  in  a  phyaaological 
combination.  IJut  lately,  by  no  means  the  first  lime,  SchloG»nann 
and  Mun)  [Miinch.  mtd.  Woch.,  1903,  no.  14)  have  again  proywl 
that  the  albuminoidti  of  woman's  and  cow's  milk  are  esaeDtially 
diffcrwrt..  both  in  their  lactalhumiii  and  the  ginbulin,  and  Eecherich 
and  Marfan,  that  every  milk  has  its  own  enzymes. 

The  quantitative  and  many  of  the  qualitative  differences  of  conB' 
and  human  milk  liave  been  known  a  long  time.  No  addition  or  ab- 
Btraction  of  suits,  no  addition  of  cow's  fat  will  ever  ehange  one  into 
the  other.  But  it  appears  that  every  new  doctor  and  c^-ery  new 
author  begins  Ha  own  era.  There  is  for  most  of  modem  writers  no 
such  thing  as  the  history  of  medicine  or  of  a  specialty,  or  respect  of 
fathers  or  brothers.  In  modem  books  and  essays  you  meet  with 
footnotes  and  quotations  of  the  productions  of  yester<iay  that  look 
so  erudite,  but  also  with  the  new  discoveries  of  old  knowledge  which 
you  would  recognize  if  the  quotatJon-marks  had  not  I)een  fon^ten 
by  accident.  So  it  baa  happened  that  many  learn  for  the  twentieth 
lime  that  the  knowledge  of  the  minimum  amount  of  required  food  is 
a  wholesome  thing,  that  the  amount  of  anim&l  fat  in  infant  food  is 
eaaly  overstepped,  that  wc  have  discovered  that  the  Dutch  bad  i 
clever  notion  when  they  fed  babies  on  buttermilk  with  redticed  fat; 
we  are  eveu  boginniag  to  learn  what  our  old  forefathers  practiced  a 
hundred  yean  a^u,  and  physioIogiHts  tuuf^ht  a  third  of  a  century  ago 
•^namely,  that  the  newly-born  and  the  very  young  infant  not  only 
tolerate  small  quantities  of  cereals  but  that  they  improve  on  it. 
Indeed,  the  names  of  Schiller,  Korowin,  and  Z«*eifcl  ha^x  been  redis- 
covered. We  have  also  learned  ■ —  juat  lately,  it  appears  — what  wu 
always  known,  that  morning  and  mght,  idleness  and  work,  health  and 
illness,  while  altering  the  chemical  composition  of  woman's  milk  do 
not  necessarily  affect  its  wholesome  character.  We  are  beginning  to 
leam  that  it  is  impossible  to  feed  a  baby  on  fanatical  chemical  for- 
mulae, for  they  arc  not  prescribed  by  Nature,  which  allows  latitude 
within  certain  limits.  We  are  even  beginning  to  leam  that  if  that 
««re  not  so  there  would  be  no  artificially  fed  babies  alive,  and  po»- 
bly  very  few  participants  in  the  St.  Louis  Congrees  of  Arts  and 
Science. 
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The  inability  or  reluctance  of  women  to  niirae  their  <mrn  infantii 
is  a  gra\'e  matter.  From  a  phyeica],  moral,  ftnd  Bocio-politicut point 
of  view  there  is  only  one  CBlamity  still  graver,  that  is  to  refuse  to 
have  children  at.  ull.  It  undermines  the  health  of  women,  makes 
family  life  a  commercial  institut«  or  a  dcftcrt,  depopulates  the  oliild 
worid,  reduces  native  Americans  to  a  smul!  minority,  and  Icuvea 
the  creation  of  the  future  America  in  the  hands  of  twcnticlh  cen- 
tury foreigners.  The  human  society  of  the  future  will  have  to  see 
to  it  that  no  poverty,  no  cruel  labor  law,  no  accident,  no  luxurious 
indolence,  must  interfere  with  the  nursixig  of  bfants,  I  believe  in 
the  perfectibility  of  the  physical  and  moral  conditionn  of  the  hu- 
man race.  That  is  why  I  trust  that  society  will  find  mcari8  to  com- 
pel able-bodied  xvoiiicn  to  nur^c  their  own  infants.  Infants  are  the 
future  citizens  of  the  Republic.  Let  the  Republic  see  that  no  harm 
accrue  from  tJie  incompetence  or  un'nilliDgiiess  to  nurse.  Anti- 
quity did  not  know  of  artificial  infaot-fecdinf;-  The  Brst  informa- 
tion of  its  introduction  is  dated  about  1500.  Turks,  Arabs,  Armen- 
ians, and  Kurds  know  of  no  artificial  feeding  to-day.  It  takes  modem 
civilisation  to  expose  babies  to  disease  and  extiuclion.  I  know  of 
no  political  or  social  question  of  greater  urgency  than  that  of  the 
prevention  of  the  wholesale  murder  of  our  infants  caused  by  the 
withholding  of  proper  nutriment.  May  nobody,  however,  feel  that 
all  is  occonipliyhcd  when  an  infunt  has  &nally  completed  his  12 
months.  Soeiety  antl  family  owe  mnre  than  life  —  they  owe  good 
health,  vital  resistance,  and  security  against  life-long  invalidism. 

But  even  willing  mothers  may  have  no  milk.  Wo  require  a 
stronger,  healthier  race,  and  one  that  physically  ia  not  on  the  down 
grade.  The  nursing  question  is  a  social  and  economic  problem  like 
80  many  others,  hke  the  cluld-hcuring  question. thiit  confront  modem 
civilization. 

Wc  are  building  hospitals  for  the  sick  of  all  classes,  and  insist 
upon  their  being  superior  to  the  be^  private  rcriidences;  anylums 
for  the  insane,  neuropathies,  and  drunkards;  nurseries  nud  schools 
for  epileptics,  cretins,  and  idiots;  refuges  for  the  dying  eonaump- 
ti^'cs;  and  sanatoria  for  incipient  tuberculosis.  We  are  bent  upon 
curing  and  upon  preventing.  Do  wo  not  begin  at  the  wrong  end? 
We  allow  consumptives  and  epileptics  to  marry  and  to  propagate 
iheir  own  curse.  We  have  no  punishment  for  the  syphilitic  and 
the  gonorrheic  who  ruins  a  womwi's  life  and  impairs  the  human 
race.  Man,  however,  should  see  that  his  kind  must  not  suffer.  One 
half  of  us  should  not  be  destined  to  watch,  and  nurse,  and  sup- 
port the  other  half.  Human  society  and  the  state  have  to  protect 
themselves  by  looking  out  for  a  healthy,  uncontaminated  progeny. 
Laws  arc  required  to  accomptisb  this;  such  laws  as  will  be  hated  by 
the  epileptic,  the  consumptive,  the  syphilitic,  and  the  vicioua.    No 
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lavrs  ever  suited  the  degpnoratee  againat  whom  they  were  passed, 
luid  it  is  uiifurtunatu  thut  while  health  aad  virtue  are  as  a  rule  not 
contagiouB,  disease  and  vice  are  so  to  a  high  dogreo. 

Modern  therapeutics,  h»th  hy^enie  and  medicinal,  has  gained 
much  by  the  close  observalion  of  what  ia  permitted  or  indicated 
or  required  in  early  ago.  Since  it  has  become  more  humane  (re- 
inember  it  ia  hardly  a  rentury  ^ince  Pinel  took  the  chains  off  the 
insane  in  their  dungeons,  and  not  more  than  half  a  cNmiury  since 
I  v,tus  tAught  t.u  curry  my  venesoctioa  luncet  in  my  vest  pocket 
for  ready  use)  and  more  Acientific,  so  that  whatever  is  outado  of 
strict  biologic  methods  is  no  longer  "a  system,"  but  downri^t 
qjiat'kcry  —  the  terrible  increase  of  the  latter  as  a  world-plague 
Li  deemed  by  rational  practitioners  and  the  scnfflble  public  an  appall- 
ing anachronism.  It  iippcara  that  the  states  of  the  Unit»n  an-  niu«t 
anxious  (and  have  been  partially  successful)  to  rid  ihemaelves  of 
it,  while  some  nt  least  of  the  nations  of  Euroi»  ore  greater  siifferera 
than  wc.  According  to  the  latest  stati.<stic.^,  there  is  one  qu^k  to 
every  phydnan  in  Bavaria  and  Saxony;  ten  quacks  in  fierlin, 
with  its  emperor  and  other  ncpomplishments,  to  every  forty-ax 
physicianx.  Its  general  population  has  increased  since  1S79  by 
61  %;  the  number  of  physicians,  170,  2  %;  that  of  the  quacks, 
1600  %. 

One  of  the  main  indications  in  Infant  therapeutics  is  to  fight 
anemia,  which  is  a  constant  danger  in  the  diseases  of  the  young, 
for  the  amount  of  blood  at  that  age  is  only  one  nineteenth  of  the 
whole  body-weight,  while  in  the  adult  it  is  one  thirteenth.  The 
ncwly-bom  is  particularly  exposed  to  an  acute  anenuu.  His  blood 
weiRha  from  200  to  250  grammes.  It  is  overloaded  with  hemo- 
globin which  is  rapidly  eliminated,  together  with  the  original  ex- 
cesis  of  iron.  This  lively  metabolism  renders  the  infant  very  amen- 
able to  the  influence  of  bacteria,  and  the  large  niunber  of  acute, 
Bub-acutej  or  chronic  ciises  of  sepias  is  the  result.  licsides,  the 
principal  normal  food  la  milk,  which  contains  but  little  iroD.  That 
is  why  pediatrics  is  moat  ikpt  to  inculcate  the  lessons  of  appropriate 
posture,  Bo  us  nut  to  render  the  brain  suddenly  anemic,  and  of 
proper  feeding  aud  of  timely  stlinulatiOD  before  collapse  tells  us 
wc  are  too  lute,  and  the  dangers  of  inconsiderate  deplelicm.  Tlie 
e.\i>erience  accumulated  in  pediatric  pnutice  has  taught  general 
medicine  to  use  small  doses  only  of  potssaic  chlorate;  large  doses 
of  strj-chnine  and  alcohol  in  sepKis,  of  mercuric  bichloride  in  croup- 
ous inflanimaliuns.  of  heart  stimulants,  such  as  digitalis,  when  a 
speedy  effect  is  wanted,  of  arscmc  in  nervous  diseases,  of  potaesic 
iodide  in  meningitiit;  it  has  warned  practical  men  of  the  danf*en) 
of  chloroform  in  status  lyraphaticua; '  it  has  modified  hydrolher- 

'  In  the  iDwting  of  tli«  Society  for  the  Study  of  Distuse  in  Qiildr^Q,  il»y  27, 
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ftpcutic  nnd  bitlneulo^cai  practice,  and  the  tbeories  of  tiardcDuiK 
and  strenKlhening  according  to  periods  of  Ufe,  &nd  to  the  condi- 
tions of  preAnnus  general  health. 
H  The  appreciatioa  of  electricity  as  a  ranxedy  has  been  enhanced 
™by  obetetriciane,  pediatriste,  and  generftl  practitioners.  It  is  but 
lately  that  we  have  been  told  (P.  Strafflmann,  Samml.  Klin.  Vortr., 
1903,  no.  3!^))  that  a  newly-born  aud  au  iafant  up  Co  the  third 
week  are  perfectly  insensible  to  very  strong  olectricft!  eurrcnta. 
The  incompetfinny  of  mere  experimental  work,  not  corrected  or 
gxuded  by  practice,  cannot  Hud  a  better  illustration,  for  there  is 
no  more  powerful  remedy  for  asphyxia  and  atelectasis  than  the 
cautious  use  of  the  interrupted  or  of  the  broken  galvanic  current. 

>The  domain  of  preventive  therapeutics  expands  with  the  in- 
creased knowledge  of  the  cauMea  of  di»ea«c.  That  h  why  immun- 
iaing,  like  curative  senjins,  will  play  a  more  beneficent  part  from 
year  to  year,  and  why  the  healthy  condition  of  the  mutous  mem- 
brane of  the  nose,  mouth,  and  pharynx,  wliich  I  have  lieen  advis- 
ing these  forty  years  as  a  prevention  of  diphtheria,  hm  assumed 
importance  m  the  armamentarium  of  protection  a^inst  all  sorta 
of  infectioun  diseases. 
Amongst  the  probabilities  of  our  therapeutical  future  I  also 
It  the  prevention  of  congenital  malforouitians,  which,  aa  ha» 
^DWii,  are  more  numeroue  than  is  generally  knoi\-n  or  pre- 
It  and  often  the  result  of  intra-uterine  iuflammntinn.  In  a 
recent  publication  F.  von  Winckel  {Savtml.  Khn.  Vortr.,  1904. 
no.  373)  emphanzes  the  fact  that  the  general  practitioner  or  the 
pathologic  anatomist  seea  only  a  small  number,  that  indeed  the 
majority  are  bjried  out  of  sight,  or  are  preserved  in  the  specimen 

(iar»  of  the  obstetrician.  The  known  number  of  malformatioaH  com- 
pared with  that  of  the  normal  newly-bom  varies  from  one  to  thirty- 
BX  to  one  to  one  hundred  and  two  or  more.  They  are  met  with 
in  relatively  large  numljers  on  the  head,  fiicc,  and  neck— alto- 
gether in  53.2  %  of  ul!  Ihe  19(J  eases  of  malformation  olxierved  in 
Munich  during  20  years.  A  number  of  them  is  the  resnlt  of  heredity, 
^  of  8>'philis,  or  other  influences.  How  many  arc  or  may  be  the  result 
fof  consanguineous  marriages  will  have  to  be  learned.  In  all  such 
cases  the  treatment  of  the  parents  or  the  prohibition  of  injurious 
marriages  will  have  to  Ix!  insisted  upon.  Tlie  number  of  tho.<)e 
recognized  as  duo  to  amniotic  adhesions  or  bands  is  growing  from 
year  lo  j-ear.  Kiammel  could  prove  that  of  178  cawis,  29  were  cer- 
tauity   of  that   nature.      External   malformatious   have  long   been 

IttHi  Mr.  Tlinmpion  Wnlkcr  nlliiiji^il  to  th*?  collection  of  ten  «•«■«  with  status 
lymphaticust  in  wliicli  <li>nt)i  liiul  ticciim<d  at  tli«  cwmmt^nornKtot  ot  cliloroform 
adminWration.  or  liuriiiti  it.  or  immttliatoly  ft(U<r  the  opi-ratian.  In  nddition  to 
ttw  uhubI  chniigca,  n  hypr^rplnsia  of  the  artcricfl  bud  been  noted,  iMtling  to  narrow- 
iof  of  tlic  luuitMi. 
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ascribed  to  tfaem;  proximul  nuiLlforiniitioiu,  such  as  auricular 
appendices,  harelip,  anencephalia,  cyclupia,  ilaUcnmg  of  the  face, 
anophthalmia,  hereditary  polydactylia  (Ahlfeldb  and  Zander,  Vir- 
ehow'i  ArtJiiv,  1891),  imd  lymphangioma  of  the  neck,  have  b«en 
found  lo  be  tauscd  by  amniotic  attavhmenta  oc  filaments.  Is  it 
too  much  to  believe  that  the  uterus,  whose  internal  changes,  syph- 
ilitic nr  others,  are  known  lo  be  very  acceesible  to  lewal  and  gen- 
eral medication,  should  be  so  influenced  by  pre\iou8  treatment 
that  nialformalions  and  fetal  deaths  will  bcconui  Icsa  uid  leas 
frequent? 

The  problem  of  the  health  and  hygiene  mainly  of  the  older  child 
refers  to  more  than  its  food.  The  tchool  quustton  is  in  the  fore- 
ground of  the  study  of  aaiiitariaiis,  health  departmenta,  phyai- 
ciiuis,  and  pedagogues.  Its  importance  is  best  illustrated  by  the 
large  convention  which  vraa  orgsnize^l  in  Stuttgart,  April,  1904, 
as  an  International  Congress  for  School  Hygione.  Pediatrists, 
pedagogues,  and  statesmen  formulated  their  demands  and  mapiied 
out  future  discussjuns.  Rational  pediatrics  would  consider  the 
foUou'iDg  qucEtions:  Is  it  reasonable  to  have  the  same  rule  and  th0 
same  daily  sessions  for  children  of  eight  and  perha)x<t  of  fifteen  years, 
and  for  adolescents?  Certainly  not.  Theyoungerthe  child  theshorter 
should  bo  the  session,  tho  longer  and  more  frequent  the  Tecesses. 
There  should  be  no  lessons  in  the  afternoon,  or  only  meebanieal 
occupations,  suob  bb  copying,  or  light  gymnastics.  There  should 
be  no  home  lessons. 

Tlie  problem  of  overbtirdening  ivas  carefully  considered  by 
Lorinaer  in  1836,  and  by  many  snce.  It  deals  with  the  nuinber 
of  subjects  taught,  the  etrictne^  nnd  frequency  of  oITicint  examin- 
fltions,  and  should  consider  the  overcrowding  of  school-rooms.  We 
should  try  to  answer  the  question  whether  neuroses  aro  more 
the  reitult  of  faulty  schooling  or  of  original  debility,  heredity, 
underfeeding,  lack  of  sleep,  bad  domestic  conditions,  or  all  these 
combined.  In  licrlin  ifichoois  they  have  begun  to  feed  the  hungry 
ones  regularly  ivith  milk  and  bread.  No  compulsory  education 
will  educate  the  starving.  The  child  that  showed  his  first  symp. 
torn  of  nervousness  when  a  nursling,  the  child  «ith  pavor  noctumas, 
or  that  gets  up  tired  in  the  morning,  or  suffers  from  motor  hyperes- 
the-sia,  pointing  or  amounting  to  chorea,  unless  relieved  instead 
of  being  punished  by  an  uninformed  or  misanthropic  or  hysterical 
loiicher,  gets  old  or  breaks  down  before  the  termination  of  tho 
srhoul  term  or  of  school  age.  There  should  be  separate  classes  for 
t  he  feeble ,  for  thoae  who  are  mentally  strong  or  weak,  or  of  medium 
capacity.  All  of  such  questions  bolong  to  the  domain  of  tho  child's 
physician,  the  physician  in  general.  The  office  of  school  physiciaa 
is  relatively  new.    Whatever  we  have  done  in  establishing  it  in 
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Lmericft  has  be«n  preceded  by  countries  to  n-hich  ve  are  cot  in 
ie  babit  of  looking  for  our  models.  Bulgaria  and  Hungary'  have 
'do  schools  nilbout  pbymcitins.  On  the  other  linnd,  Vivimu  has 
none  for  its  200,000  lu-hool-children.  It  is  reported  that  the  alder- 
men refused  to  appoint  one.  One  of  ihem  objected  for  the  reason 
that  the  doctor  miKht  bi;  tempted  to  examine  the  Vieiiua  lassies 
too  closely.  His  business  would  be,  and  ie,  to  look  out  for  the  health- 
fulnesg  of  the  school  buildings,  its  iightinR,  warming,  oieflnlinesB, 
the  cleanhness  of  the  children  and  their  health,  and  thai  of  tlie 
teachers.  A  tubercular  t.eacher  is  a  greater  danger  to  the  children 
than  thwe,  who  rarely  expectorate,  to  each  other.  He  would  take 
DO0ui&nce  of  the  first  symptoms  of  infectioua  dieeasea,  examiae 
eyes,  ears,  and  teeth,  and  inquire  into  chronic  constitutional  dis- 
MMH,  ^ich  a.i  rachitic  and  scrofula  in  the  younfrest  pupils.  He 
odgjit  undertake  authropo metrical  measurements  and  benefit 
setence  n-hile  aiding  bis  waidH.  He  vould  bo  helped  in  all  these 
endeavors  by  the  teachers,  who  must  learn  to  pride  themselves  on 
the  robust  health  of  their  pupils,  as  they  now  look  for  the  accumu- 
lation of  knowledge  which  may  be  exhibited  in  public  cxtunina- 
•tions. 
Tbey  would  soon  leani,  what  Christopher  demonstrated,  that 
physical  development,  greater  weight,  and  larger  breathing  capac- 
ity, correspond  with  increased  mental  power,  joining  to  thin  the 
I  advice  that  a  physical  foctor  as  well  as  the  intellectual  one,  now 
entirely  relied  upon,  should  be  introduced  in  the  grading  of  pujuls. 
;(Charles  F.  Gardiner  and  H.  W,  IloagUnd,  Growth  and  Deveiop- 
ment  of  Children  in  CiUcrado.  TranBociiom,  American  Climiatologicat 
AflBooiation,  1003.) 

Our  knowledge  of  the  physiology  and  pathology  of  the  nervous 

tyMem  of  all  ages  would  be  defective  without  lessons  derived  from 

Ihe  fetus  and  infant.    Amongst  the  newly-bom  we  have  oft«a  bo 

d4al  with  arrceta  of  devclopinont,  such  as  microcpphalus ,  or  with 

'that  form  of  fetal  meningitis  or  of  syphilitic  alterations  of  blood- 

Bvessela  which  may  terminate  in  chronic  hydrocephalus.     When 

■  the  insufficient  development  of  reflo.\  action  in  the  ncwly-bom 
Vup  to  the  fifth  or  sixth  week  has  passed,  the  very  slow  develop- 
ment of  inhibition  during  the  first  half-year  or  more,  together  with 
the  rapid  increase  of  motor  and  scneitive  irritability,  explains  the 
frequency  of  cclnmpBia  and  other  forma  of  convulsions.     Many  of 

■  them  require,  however,  an  additional  di.ipoeition.  which  is  afforded 
^■either  by  the  normal  rapid  development  of  the  brain,  or  the  abnor- 
^SlDal  hyperemia   of    ruchitis.     Tho  last  twcnty-fi\'C  years  have  io- 

ereased  our  knowledge  ctoneiderably  in  many  directions.  Congenital, 
premature,  complete,  or  partial  ossification  of  the  cranial  sutures 
^ksftd  mcchauicnlly  to  idiocy,  or  paralysis,  or  epilepsy;  it  is  a  con- 
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Holfttion,  however,  to  know  that  the  wetima  of  surgical  zeal  rtc 
getting  less  in  number  since  operutoni  have  consented  to  fear  death 
on  the  operiiting-ta))Ie  and  thoughtful  surgennii  have  come  to  the 
conclusion  to  leave  bnd  enough  alone.  In  the  very  yoxmg  the  frag- 
ility of  the  tlootl-vCHscls,  the  luck  of  coAgulnlulity  of  the  blood, 
the  large  raze  of  the  curotid  and  vertebral  arteries,  the  frequency 
t^  trauma  during  labor  and  after  birth,  the  vulnerability  of  the 
car  and  Hc«lp,  contribute  to  the  frequency  of  nervous  diseaaes, 
which  before  the  fifth  year  amounts  to  87  %  of  all  the  caaes  of  sick- 
nesB.  Rapid  exhaustion  loads  to  intracranial  emacintion  and  throni- 
boBJS,  Ihc  80-cnlled  hyilroencf^phaloid  of  gftstrcv^oteritis.  The  Inrge 
sice  and  number  of  the  lympK-veeaels  of  the  nasal  and  pharyngeal 
cavities  facilitate  the  invasion  into  the  nerve  centres  of  infections 
which  show  themselves  as  tubercular  menin^tia,  cerebro-epinal 
meningitis,  and  poHo-encepbalitis,  or  more  so,  pohomyeUtia,  and 
as  chorea  of  <io-rHlled  rheumatic  —  mostly  streptococcic  — origin. 
Nose  and  throat  sperinti»t8,  as  well  as  ftofitomista,  have  contri- 
buted to  our  knowledge  on  these  points  —  another  proof  of  the 
intimate  dependency  of  all  parts  of  medicine  upon  one  another. 
Kow  all  these  conditions  are  not  limited  to  early  life,  but  their 
numt^rical  prepunilerance  at  that  time  is  so  great  that  it  is  Oasy 
to  undenstand  that  general  nosology  could  not  advance  nithoul 
the  overwhelming  number  of  well-marked  cases  amongst  children. 
Amongst  them  are  the  very  numerous  cases  of  epilepsy.  Thoy  es- 
cape statiaticat  accuracy,  for  many  an  epileptic  infant  or  child 
dies  before  his  condition  is  observed,  or  diagnosticated;  a  great 
niiiny  caecs  of  petit  mal,  vertigo,  dreamlike  states  and  somnambul- 
ism, fainting,  habit-chorea,  truancy,  imbecility,  incompetency, 
or  occasionally  wild  attacks  of  mania,  or  the  porvcr^ty  of  Incen- 
diariitm,  or  in  older  children  religious  delirium,  even  hysteric  spells. 
are  overlooked  or  perhaps  noticed  or  suspected  by  nobody  but  the 
family  phviucian;  or,  In  the  cases  of  the  million  poor,  by  nobody. 
They  are  cared  for  or  neglected  at  home,  and  the  seizure  is  taken 
to  be  an  eclamptic  attack  due  to  bowels,  worms,  colds,  and  teeth, 
exactly  like  three  hundred  years  ago. 

Of  equal  importance  In  this  disease  to  the  pediatrist,  the  peda- 
gogue, the  psychiatrist,  the  judge,  the  statesman,  no  matter  whether 
in  oCBce  or  a  thoughtful  citiren,  is  the  influence  of  heredity.  The 
old  figures  of  Eche^'ema,  which  have  been  substantiated  by  a  great 
many  observers,  tell  the  whole  story.  One  hundred  and  thirty- 
eix  epileptics  had  553  children.  Of  these,  309  remained  alive;  7S 
(25^)  were  epileptic;  how  many  of  the  231  that  died  had  eotnc 
form  of  epilepey  or  would  have  exhibited  it,  nobody  can  tell.  He 
observed  a  dozen  cases  in  one  family.  While  in  lus  opinion  29.72% 
showed  a  direct    inheritance  from    epleptlc    parents.  Cowers   has 


i 


\ 


i 
i 
i 

I 


HISTORY   OF   PEDIATRICS 


521 


a  percentage  of  35,  and  Spratling,  who  has  lived  among  epilcpticfl 
nearly  &  dozen  ycora,  66. 

Epilepsy  is  acknowledged  to  be  one  of  the  causes  of  imbecility, 
or  genuine  idiocy.  In  very  many  instances  it  ghoutd  be  considered 
&5  the  fioordiiiAtc  rcautl  of  congenital  or  acquired  chungcs  in  the 
tkuil,  the  bruin,  and  Its  meninges,  and  partloularly  the  cortex. 
In  a  ahigbe  idiot  institution,  that  of  LangenhAgen,  1&%  to  1S%  of 
the  396-668  inmates  Vi-ere  epileptic;  in  another,  Dalldorf,  [8.5  % 
to  24.S%  of  167-344;  in  b  third,  Idstein,  36%  of  101  (BinHwun- 
ger,  in  Notbnagel,  Syst.  Path.  u.  Tker.,  vol.  xil.  1310). 

Its  main  causes  are  central.  External  irritations,  wonna,  calculi, 
genital  or  nAsul  roflvxt-s,  may  be  ocGUsionul  proximate  causes.  But 
cauterization  of  the  nares,  und  still  more,  circumciiuan,  and  cUtori- 
dectomy  prove  more  the  heiplesaneaa  or  recklesanees  of  the  at- 
tendant than  the  possibility  of  a  cure.  Tbc  individual  c&scn  of 
recovery  by  the  removal  of  clotB,  bones,  or  tumors,  are  great  and 
comforting  results,  but  if  epilepsy  and  its  relations  are  ever  to  di&- 
appear,  it  is  not  tlic  knife  of  the  surgeon  but  the  apparatus  of  hu- 
man foreught  and  justice  that  will  accomplish  it.  Most  of  the  cauuet; 
of  epilepsy  are  preventable.  To  that  class  belong  syphilis  and  alco- 
hohsm  in  various  generations,  rachitis,  tuberculosis,  and  .scrofula, 
many  cases  of  cncephalo-meningitiB,  and  most  cases  of  otitis.  A 
question  is  attributed  to  a  royal  layman,  "If  preventable,  why 
are  they  not  prevented?"  If  there  is  a  proof  of  what  Socrates  and 
Kant  said,  namely,  that  BtatesmonBhip  cannot  thrive  without  the 
physician,  it  in  contained  in  the  necesstiea  of  epilepsy.  Preven- 
tion, preventives,  and  hypenics,  medicinal,  and  surgical  aids  have 
to  be  invoked,  unfortiinately  with  slim  results  bo  far. 

The  influence  of  hereditary  sypliilis  on  the  diseases  of  the  nerv- 
ous system  hfts  been  studied  these  twenty  years,  both  by  ncuro- 
logiBts  and  pediatristfl.  Its  results  are  either  direct  —  that  means 
characteristically  sypliilitic  —  or  mctasyphiUtic  • —  that  means  merely 
degenerative.  Iloffiimnn  cured  a  caec  of  Bypliilitic  epilepsy  in  ft 
girl  of  nine  years  in  1712.  Fle&k  describes  convulsions  and  other 
nervous  symptoms  depending  on  hereditary  syphilis,  and  Nils  Rosen 
de  Roseiielein  describes  the  sumo  in  l78l.  The  literature  of  the 
Utter  part  of  the  eighteenth  and  of  the  first  half  of  the  nineteenth 
century  is  silent  on  that  subject,  though  the  cases  of  affections  of 
the  nervous  system  depending  on  hereditary  syphilis  are  very  fre- 
quent (thirteen  per  cent  of  all  the  cases,  according  to  Rum.pl  die 
Syph.  firft.  d.  NerventystcmM.  1889).  Jullien  (Arch.  Gin.,  1901) 
reports  2O0  pregnancies  in  43  syphilitic  marriages.  Of  the  children, 
182  Touincd  aUve.  Half  of  them  had  convulsions  or  sj-mptoms 
of  menin^tis. 

Aocordiug  to  Noan«  (iHe  i$^.  d.  Norvem.,  1902)  hereditary 
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Byphitis  differs  from  the  acqulied  form  in  this  — tbat  several  pans 
of  the  nervous  s>-8tem  arc  sffectcd  eimtdtaoeously;  and  that  arte- 
ritiji,  roeningitis,  gummata,  and  simple  8e)««eds  oeeur  in  com- 
bination. Simple  cerebral  meninfptis  and  apoplexies  ar«  very  rare. 
Encephalitis  is  mote  frequent.  Probably  spinal  diseasea  are  more 
frequent,  according  lo  Gilles  de  la  Tourette,  Game,  Sacha,  and 
others.  Tabes  dorKlta  is  not  frequent,  bat  may  rather  depend  oo 
an  alavirtii:  sypbiiiiic  basis;  for  altogether  1h«  nerve  syphilis  of 
ilie  second  prc\-ioufi  generation  as  a  oausc  of  disease  in  (be  young 
is  not  very  rare.    (E.  Finger,  W.  Win.  Woch.,  13,  1900.) 

What  vre  call  neuroses  are  not  Lnfreqaent  in  infants  and  chndrcn. 
Neuralgias  are  not  so  common  as  in  the  aduH,  but  would  be  more 
frequently  found  if  (ought  for.  E^-en  adipoaitaa  doloroBS  has  been 
observed  in  childhood.  Hysteria  is  by  no  means  rare  and  its  mono- 
symptomatic  character,  so  peculiar  to  early  age,  adds  to  its  noso- 
logical import  anre.  Its  early  appearance  is  erf  grave  import.  Its 
often  hereditary  origin  noakea  it  a  eerious  problem,  under-alimen- 
tatioD  or  ill-QUtrition,  rachitis  and  scrofula,  frequc^ntly  connected 
with  and  underlying  it,  may  make  it  dangerous  and  a  fit  subject 
for  the  study  of  educators,  psychologisU,  judges,  and  all  those 
whose  direct  ofBce  it  is  to  study  social  and  s>^ci«listic  problems. 
Hysteria  is  not  quite  tmknown  amongst  males,  though  the  large 
majority  are  females. 

Some  of  the  vaBo-molor  and  trophic  disturbances  are  less,  others 
more  frequent,  in  the  young  than  in  the  adult.  Amongst  120  cases 
of  akrrwpnreethesia  there  is  only  one  of  Frankl  Hnchwart  in  a  girl 
of  12  yesnt,  and  one  of  Cassirer  in  a  girl  of  16.  Sclero<lernua  i»  met 
with  mostly  in  mature  life,  but  the  eesea  of  Neumann  at  13  days, 
and  those  of  Cruse,  Herxheimcr,  and  of  Haushaltcr  and  Spiolmann, 
who  obeerved  two  cases  in  one  family,  all  of  them  when  the  infanta 
were  only  a  few  weeks  old,  prow  that  the  name  influences  whieh 
arc  at  work  in  advanced  age.  namely,  hereditary  disposition,  neu- 
ropathic family  infiuencc,  low  general  nutrition,  colds,  trauma, 
and  80  on,  may  play  their  rflle  in  infant  life.  Nor  are  infant  ery- 
thromelalgiaa  numerous.  Henoch  saw  one  in  a  teething  infant, 
Baginsky  in  a  boy  of  10,  Hoimann  one  in  a  girl  of  13,  Gra\-e8  one 
in  a  girl  of  16;  that  means  three  or  four  eases  below  13  or  16  yean 
of  age,  out  of  a  number  of  65  collected  by  Casarer  in  his  mono* 
gnkph.  (Z>i>  Vatinnotoriteh-tTopkiBchen  Neuramn,  Berlin,  1001.) 
In  half  a  century  I  have  seen  but  one  that  occurred  in  early  age, 
namely,  in  a  boy  of  12,  who  got  well  with  the  loss  of  two  toes.  On 
the  other  hand,  the  symmetrical  gangrGne  of  Raynaud  and  acute 
circumscribed  cdenis  of  Milton  and  Quineke,  1SS3,  treated  of  by 
Collins  in  18fl2,  are  by  no  means  relatively  rare  in  infancy  and  child- 
hood. There  are  a  few  cases  of  the  former  tlvat  occurred  in  the  newly- 


I 
I 

I 
I 


HISTORY  OF  PEDIATRICS 


523 


boni.  Two  I  have  acca  myself.  There  are  those  which  have  beco 
observed  at  6  months  (Friedel),  0  montha  (De  Prance),  at  15  montlis 
(Bjcring),  at  18  mouths  (Dick).  In  the  year  1889  Morgan  coll©ct€il 
93  CUSC8,  13  of  which  occurred  from  tho  second  to  iho  Mth,  11 
between  the  fifth  and  tenth,  and  15  between  the  tenth  and  twen- 
tieth years.  Amongst  the  163  cases  collected  by  Cofiaii'cr,  20  occurred 
below  the  fifth,  8  bstweeo  the  fifth  and  tenth,  and  2d  betu-een  (he 
tenth  and  twentieth  years  of  Ufe.  like  moAt  nervous  diseases,  theae 
caaoo  had  either  congenital  or  acquired  cauacs,  amongst  which  a 
gieiuattl  aeuropathiu  constitution,  and  tho  hereditary  influence  of 
alcohol,  chlorosis,  and  anemia  are  con^dered  prominent.  Of  acute 
circumscribed  edema,  2S  cases  are  found  below  nine  years  of  age 
in  Cassirer's  collection  of  160  cases,  one  of  which  at  the  age  of  one 
and  a  Lnlf  montlis  is  reported  by  Crozcr  Griffith,  one  at  three  montha 
by  Dinckelacker.  Again  hereditary  influence  is  found  powerful. 
O&Ier  could  trace  the  dieeaae  through  five  generations. 

The  connection  of  pediatrics  wiih  peyckiairy  is  very  intimate. 
Insane  children  are  much  mure  numerous  than  the  statistics  of 
lunatic  asylums  appear  to  prove,  for  there  are,  for  obvious  rea- 
80IU,  but  few  insane  children  in  general  institutions.  It  is  only 
thwe  cases  which  become  absolutely  unmanageable  at  home  that 
arc  intrusted  to  or  forced  upon  an  asylum.  The  example  of  the 
French,  wlio  more  than  fifty  yeans  ago  had  a  division  in  the  Bic£tre 
for  mentally  disturbed  children,  has  seldom  or  not  at  all  bccu  imi- 
tated. Thus  it  happens  that  though  not  e^'en  a  minority  of  the 
cases  of  idiocy  become  known,  its  statistics  is  more  readily  obtained 
than  that  of  dementia  of  early  life.  Some  of  its  physical  causes  or 
accom^panimcnts  have  been  mentioned — asphyxia  with  itii  conse- 
quences, ossification  and  asymmetrical  shape  of  the  cranium,  acci- 
dents during  infancy  and  childhood,  and  neuroses  that  may  be  the 
beginning  or  proximate  causes  of  graver  trouble.  Infectious  disea&ea 
play  an  important  part  in  the  etiology  of  intellectual  disorders. 
Althaus  collected  400  such  cases.  Tbey  were  mainly,  influenza 
113,  rheumatism  90,  typhoid  fever  87,  pneumonia  43,  variola  41, 
cholera  19,  scarlatina  16,  erysipelas  11.  In  most  of  the  cases  tliere 
were  predieposng  elements,  such  as  heredity  and  previous  dis- 
eeaoB,  or  over-exertion  of  long  duration.  The  overworked  broina 
of  whool-chiltlreu  were  complained  of  aa  adjuvant  causes  of  lunacy 
by  Peter  Frank  as  early  as  1S04.  We  are  as  badly  oft,  or  worse,  a 
hundred  yean  later. 

There  is  one  ailment,  however,  that  appears  to  hurt  children 
lees  than  it  does  adolescents  or  adults,  that  is  masturbatioa.  There 
are  those  cases,  fortunately  few,  which  depend  on  cerebral  disease, 
and  original  degeneracy,  but  in  the  large  majority  of  instances 
masturbation,  frequent  though  it  bo,  has  not  in  the  very  young  the 
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8iime  perils  that  are  attended  with  it  later  on  when  tlic  differcntia- 
tiou  of  sex  he«  been  completed  and  is  recognised.  Bal»es  under 
a  year,  find  cliildrcn  under  8  or  10  will  outlive  their  unfortunate 
habit,  und  do  not  uppcur  to  suffer  much  from  its  influence.  ^Vliat- 
ever  is  said  to  the  contrary  is  the  exaggeration  of  such  aa  like  to 
revel  in  horrors.  'Die  sfime  exorbitant  imaginfltion  is  exhibited  in 
other  statements.  What  Lombroso  and  his  foUon'eis  have  eud  of 
the  faulty  arrangement  of  the  teeth,  prognathic  skulle,  retracted 
noBc,  ehort  and  attached  lobes  of  the  auricle,  as  distinct  eymptoraa 
of  mental  degeneracy,  belong  to  that  claSB,  and  need  not  olwaya 
be  taken  us  the  positive  signs  of  insane  criminality.  There  is  so 
much  poetical  t'):nggt'ration  and  word-painting  in  them  thai  Loat- 
broso  aod  also  Krafift-Ebing  are  the  peta  of  the  prurient  lay  public. 
In  its  midst  there  must  bd  many  who  ar«  anxious  to  believe  "(vilh 
Lombroim  that  brown  hair  and  eyes,  hrachycephalie  heads,  and  a 
medium  sine  of  the  body  characteriBes  the  iasane  criminal,  if  only 
fur  thv  purpose  of  scanning  the  hiur  and  eye-s  and  heads  of  tbeir 
near  friends  and  their  mother-in-law's  relatives. 

It  is  certainly  not  true  that,  as  Lombroso  will  have  it,  childrm 
are  cruel,  lazy,  lying,  thiev-ish,  just  as  little  a«  according  to  him 
all  savages  are  like  camivorotL'i  animals,  and  essentially  criminal, 
while  others  are  con\incPd  that  hy  nature  they  are  amiable,  like 
T^icu«,  and  virtuous  like  Chingacook,  and  have  l)een  rendered  sav- 
age only  by  the  strenuouenOBS.of  conquering  immigrants.  Nor  is 
it  tnir  that  the  idiot  brain  is  m'cn'ly  arretted  at  a  staf^  similar  to 
the  anthropoid,  or  even  saurian  development,  for  it  is  less  snest  of 
development  thfin  the  influence  of  embryonal  or  fetal  di«eaee,  beade 
onutiotic  anomalies  that  cause  the  irregularities  of  the  encepholon. 

Amongst  the  worst  causes  of  idiocy  is  cretinism,  both  the  ende- 
mic and  the  sporadic.  Kvery  cretin  is  an  idiot,  not  vice  ver$a. 
The  endemic  could  be  prevented  by  state  interference  widch  would 
empty  the  stricken  valleys;  the  sporadic  depends  on  thjToidism, 
vith  or  without  a  shortening  of  the  hiif^  of  the  skull,  and  is  par- 
tially curable.  The  idicSiim  of  cretinism  causes  a  fairly  uniform 
iCt  of  symptomsj  thnt  which  depends  on  other  causea  exhiWt* 
varicticft,  though  not  so  many  as  imbecility,  which,  too,  should  not 
be  taken  to  be  the  result  of  a  single  cause.  Osseous  and  cartilag- 
inous anomalies  about  the  nose  urc  pomtcd  out  by  William  ECU, 
chronic  pharyngitis  and  nasal  polypi  hy  Heller,  enlarged  tonsiU 
by  Kafemann  in  one  third  of  Ihe  cases,  some  phar>-ngeal  or  DBsat 
anomaly  in  four  fifths  by  SchmJd-Monnard.  Adenoids  are  frequently 
found  as  complications.  Operations  to  meet  all  these  anonutiM 
have  been  p(;rformed  with  improvement  of  the  mental  condition 
in  some,  of  the  physical  hi  matiy  more,  mainly  when  the  aoomaiies 
Y-ere  complications  only.     But  after  all  wc  should  beware  of  the 
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belief  id  miracles  and  in  infallible  cures.  Mainly  the  tonsils  lla^-e 
been  puffed  up  t-o  be  the  miun  cuuscs  o£  many  human  trouble«  and 
their  removal  u  panncea.  According  t«  a  modem  writer  it  prevtmtA 
tuberculous,  but  the  propbet  ia  a  little  too  bold,  for  he  adds  that 
with  the  exception  of  himself  there  nrc  very  few  able  to  nccora- 
ptish  it.  Defeclive  or  ditwased  brains  arc  frequent  in  moBt  coiidi- 
tims.  The  fonuer  class  allows  eveu  imbecilos  to  excel  in  eome 
v&ya.  In  that  class  may  be  found  calculating  experts,  chess-players, 
or  mechanical  draughtsinen. 

Imbecile  persons  may  be  taught  sufficiently  to  prepare  for  the 
ample  duties  of  life.  There  are,  however,  many  transJtionei  between 
the  complete  imbecile,  the  mild  imbecile,  and  the  merely  slow  aiid 
dull.  That  is  why  the  condition  i^  frequently  not  appreciated. 
In  his  school  the  imbecile  child  is  slightly  or  cotisderably  behind 
hie  elaes,  and  the  laugliing-stock  of  the  rest.  As  he  is  intellectually 
slOTT,  so  he  is  morally  perverse  or  is  made  to  become  ho.  He  knowu 
etiougfa  to  lie  and  libel,  to  run  away  from  nchool,  and  from  truant 
to  become  a  vagrant.  It  is  true  it  will  not  do  to  deelxire  the  imbe- 
cile per  se  identical  uilh  the  typical  criniinal,  but  as  ouuiy  of  itiem 
are  tllegitiniale,  or  of  dpfec-tive  or  alnoholic  parentSf  or  maltreated 
at  home,  or  diseased  and  deformed,  they  get,  by  necessity,  into 
conflict  with  order  and  the  law.  Thompson  found  218  cougenital 
imbeciles  among  943  peniteutiary  inmates;  Knccht,  41  nrnongst 
1214.  When  the  imbecile  is  once  a  prisoner  his  eondition  is, not 
liable  to  be  noticed  on  account  of  the  stupef>'ing  monotony  of  his 
existence. 

What  is  more  to  be  pitied,  the  fate  of  the  immature  or  imbecile 
half-grown  child  that  naturally  acts  differently  from  the  normal, 
or  the  low  condition  of  the  state  which,  instead  of  procuring  sep- 
arate Bchools  or  asylums  for  the  half-nitted,  has  nothing  to  offer 
but  contumely  and  priBou  walls,  increasing  moral  deterioration? 
There  is  the  stone  instead  of  the  bread,  of  the  gospel. 

Modem  eooiety  has  commenced,  however,  to  mend  old  injustices. 
Every  civilized  country  admits  irresponsibiUty  before  the  law 
below  a  certain  age.  and  gradually  the  mental  condition  of  tho 
criminal  is  taken  into  con ai deration  and  made  the  BUbject  of  study. 
But  still  thousands  of  children  and  adolescents  are  declared  crim- 
inal before  being  mftturcd.  The  establishment  of  children's  courts 
is  one  of  the  things,  imperfect  though  ihey  be,  that  make  us  aett 
the  promised  land  from  afar.  When  crime  slmll  be  considered  an 
anomaly,  either  congenital  or  acquired  in  childhood,  a  discaj«e; 
when  society  shall  cease  to  insist  upon  committing  a  brutality  to 
avenge  a  brutality;  when  self-protection  shall  take  the  place  of 
revenge,  and  asylums  that  of  state  prisons — then  we  shall  be  a 
human,  because  humune,  society. 
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Pedology  is  the  science  of  the  young.  Tlie  ynung  are  the  future 
makers  and  owners  of  the  world.  Their  phyaical,  intcllectunl,  and 
moriij  cundilioQ  will  decide  whether  the  glube  tstittll  bo  more  Cosdack 
or  more  Republic&n,  more  crimiiial  or  more  righteous.  For  their 
education  and  training  and  capabilities,  the  physician,  mainly  the 
peditttrist,  aa  the  rcpreaentativc  of  medical  aclcnce  and  an,  should 
become  reapoosible.  Medicine  is  concerned  with  the  idcw  individual 
before  he  is  bom,  while  he  is  being  bom,  &ad  after.  Heredity  and 
the  health  of  the  pregnant  mother  are  the  physician's  concern. 
The  regulntion  of  labor  laws,  factory  legislation,  and  the  prohiU- 
tioti  of  marriages  of  epileptics,  Ayphilitics,  and  criminala  are  aome 
of  his  preventive  measureB  to  aecure  a  promising  progeny.  To  him 
belongs  the  watchful  care  of  the  production  and  distributtou  of 
foods.  He  has  to  guard  the  achuol  period  from  sanitary  and  educa- 
tional points  of  view,  for  heart  and  muscle  and  brain  are  of  equal 
value.  It  ia  in  infancy  imd  childhood,  before  the  dangerous  period 
of  puberty  sets  in,  that  the  character  ia  formed,  altruism  inculcated, 
or  criminality  fostered.  If  there  be  in  the  commonwealth  any  niati 
or  any  cUiss  of  men  uilb  great  poisaibiliticti  and  retipouisibilities  it  is 
the  physician.  It  is  not  enough,  however,  to  work  at  the  individual 
bedside  and  in  a  hospital.  Id  the  near  or  dim  future,  the  pedia- 
trist,  the  physician,  is  to  sit  in  and  control  school  boards,  health 
dc'purtiticnts,  and  legisluiurc^.  He  is  the  le^timat*;  advist-r  to  the 
judge  and  the  jury,  ami  a  seat  fur  the  phyiiician  in  the  cuuucils  of 
the  Republic  is  what  the  people  have  a  right  to  demand,  before 
all  that  c»ii  be  accomplished,  ho\V(;vcr,  let  the  indi%'iduul  phyai- 
oian  not  forget  what  lie  owes  to  the  community  now.  Mainly  to 
the  young  men  amongst  us  I  should  say,  do  not  forgot  your  obli- 
gations as  citizens.  When  we  are  told  by  Lombroso  thai  there  i» 
no  room  in  pohtics  for  an  honest  man,  1  lei!  you  it  is  lime  for  the 
physician  to  participate  in  politics,  never  to  miss  any  of  his  public 
duties,  and  (hereby  miike  it  what  sometimes  it  i^  reputed  not  to 
be  iu  modern  hfe  —  honorable.  A  life  spent  iu  the-  sor\ice  of  man- 
kind, bo  cur  ephcru  large  or  narrow,  is  well  spent.  And  never  stop 
working.  Great  results  demand  great  exertions,  possibly  sacri£ce>s. 
After  all,  when  everything  in  Ecienee  and  polities  that  now  is  our 
ideal  shall  be  accomplished  white  we  live  or  after  wc  shall  be  gone, 
we  shall  still  leave  to  our  progeny  new  problems. 
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BY   HENHT   TATLOH   BOVET 

[Hen/y  Taylor  Bovey,  Professor  of  QtU  EngiDeering  and  Appliixl  Mectinnica, 
Dwin  o(  Faculty  of  Applied  Sdcncc.  McGiU  UnivrrBity,  Monireai,  Canada. 
b.  Ucvonshin;,  Ec^land.  Gniduiile  B.A.  <CkntBb.);  M.A.  ilrid.;  L.L.D.  McGUl: 
LL.D.  Quecm;  D.C.L.  Bishops.  Assistant  Engineer,  Mersey  Docka  And 
HArbour  Worku,  1877;  Profeasor  of  Civil  EngiuMtriiig  and  Anplicd  Mi'Cluin- 
icB.  ifcGill  Univnnity,  1S7S;  Dean  of  Fnciilty  ol  Applied  Scirnw,  ibid. 
UcUibcr  of  loititution  of  Ciiil  EngincerH  (Esginnd) ,  Liverpool  Soi-icty  of  CivU 
Euginitra,  Pbut  PreBidi-nt.  Caiiudian  Society  of  Civil  EngiiirtTS,  Kutimiui  Klec- 
tric  Ligtit  Aaaociatitiu  of  tlic  Uiiilfd  SIaIob.  FoUowcf  ilie  Ri.iyiil  Sopii-ty  <I^n- 
don)}  FtJlov  of  Ih'j  llciya!  Soci<>ty  of  C-miAdA-  Author  of  Appli<:d  Mtihonic^; 
Tfteory  ol  SlrucCurM  aitdStnnyth  of  MaicriaU ;  Ilydraulict.] 

The  FuTuiamental  Conreptiong  which  enter  into  Technology  is  a 
large  8ubj«ct  and  one  wtiicli.  from  its  very  nature,  I  cannot  hope 
to  treat  wnth  complotoness.  In  asking  me  to  undertake  its  ex|)Osi- 
ttOD,  I  asHume  it  was  understood  that,  as  a  lei-hnutogist  niynelf, 
I  should  naturally  epealc  without  the  terminology  of  philosophy 
—  shall  I  say  in  an  iintechnical  mannerT  —  that  is,  from  the  stand- 
point of  a  practical  man. 

The  prevailing  chamcteristic  of  the  eighteenth  century  has  been 
«!0»ndere(l  Ut  !«  Hie  pliilnsophic  spirit,  while  that  of  the  present 
«ge  is  sdnulled  to  bo  ihf  acientifio  spirit;  somo  even  call  it  the  age 
^f  the  application  of  science.  Is  it  a  sign  of  a  coming  reaction  that 
]  am  asked  to  .tpeak  of  what  might  not  inappropriately  he  called 
the  philosophy  of  BoienM? 

Science,  which,  at  the  outnet,  attacki^d  the  more  slriking  fact£ 
of  the  external  world,  now  hu^es  itself  with  the  inv-iable,  the 
intangihie,  the  innndible.  This  line  of  growth  must  tend  in  the 
direcCion  of  Etimulating  the  imagination,  and  of  directing  the  mind 
to  an  investigation  of  the  principles  on  which  sciences  are  based. 
Thus  we  find  that  science,  which  at  first  appeared  tfl  be  leading 
away  from  philosophy,  is  seemingly  leading  back  to  it  again,  and 
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that  we.  its  followers,  have  been  unwittingly  tracing  out  another 
of  the  great  circles  of  truth.  However  this  may  be,  we  have  now 
to  conader  the  conceptions  which  enter  into  the  moet  practical 
erf  lUl  the  eciences,  and  the  one  which,  of  all  olheni,  was  long  sup- 
posed to  be  purely  experimental  and  to  require  no  mental  founds- 
tione  of  (iny  kind. 

A  conception  is  a  thing  ko  subtle,  so  illusor>-,  thftt  it  secnta  cap* 
able  of  receiving  the  work  of  many  minds  and  manT  generations 
before  it  can  be  eaid  to  emerge  with  any  — not  to  epcAk  of  absolute 
—  clearness  from  the  baekKroiuid  of  thought.  Our  first  efforts  to 
give  it  a  shape  bear  about  the  same  relation  to  the  complete  thought 
m  the  first  rough  tracing  might  do  to  a  fiuishftd  srtatue.  Take,  for 
example,  the  conception  of  the  development  of  the  individunl, 
which  is  80  marked  a  feature  of  all  Diodcm  educational  iheorie*. 
How  slowly  it  has  taken  shape  in  the  thought  of  the  world!  How 
far  are  we  etill  from  acting  in  accordajice  filth  it  I  How  far  from 
lealiziog  that  power  and  not  knowledge  should  be  tho  true  aim  in 
education! 

Towards  the  better  tmderstanding  of  technologj'  comparntively 
little  has  been  done,  and  that  for  the  very  natural  reason  that  the 
practical  has  constantly  turned  aside  the  attention.  The  Techno- 
logue  (to  Mm  a  word  not  yet  adopted  into  English}  has  beea  de- 
Kxibcd  as  an  intermediary  between  the  suvunt  and  the  mechanic, 
translating,  as  it  wer«,  the  discoveries  of  tho  former  into  tho  usee 
of  the  hitter.  Although  we  may  see  reason  later  to  mt>dify  this 
view,  still,  in  a  certain  senee,  it  is  quite  true,  and  tlte  truth  of  it 
accounts  for  the  fact  that  the  exponents  of  practical  ecienrc  bavr 
hitherto  had  Uttle  time  or  inclination  to  travel  with  any  speed  to- 
wards the  realm  of  the  abstract.  Yet  much  good  work  has  been 
accomplished.  Men:  has  iDvosliguted  tho  scientific  spirit  with  a 
view  to  discover  its  efFect  on  the  prngress  of  thought  in  Europe; 
Keuleaux  has  spoken  of  the  evolution  of  science  with  especial  re- 
fMence  to  technology;  Ander»>on,  in  his  Forrest.  Lecture,  faaschoaeo 
as  his  subject  the  relation  of  eeienee  to  engineering,  and  a  host  of 
others  have  discussed  before  learned  societies  special  aepccta  of 
technology  chiefly  relating  to  the  history  of  its  development  during 
the  present  century.  It  is  little  wouder  that  such  splendid  achieve- 
ments ttH  this  history  chronicles  should  ro  have  dnzeled  our  eyes 
that  we  have  not  attempted  to  inquire  too  closely  into  their  source 
To-day,  however,  we  shall  try  to  regard  these  achievements  only 
as  the  cflocta  of  a  cause  which  we  seek  to  find.  We  shall  restrict 
our  admiration  of  the  constructive  ability  displayed  in  a  Brooklyn 
Bridge  or  a  Saint -Gothard  tunnel;  of  the  inventive  genius  shown 
in  a  Morse  system  of  telegraphy,  or  a  Bell  telephone;  of  the  force 
of  insight  and  dotGrmtnution  irbicfa  overcame  this  practical  difli- 
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cultiefl  of  the  steam-en  gme  or  saved  its  vineyards  to  France.  We 
shall  restrict  our  Admiration,  1  say,  and  try  to  discover  the  cod- 
trolling  ideas  which  were  common  to  all,  atid  wtiivh  impL'lled  the 
directors  of  these  great  enterprises  utong  such  apparently  diverse 
paths. 

We  may  notice  especially  three  of  these  ideae.  In  the  first  place, 
these  men  must  have  obecrved  ibut  outun:  works  in  no  arbitrary 
manner,  but  by  fixed  laws;  that  while  the  earth  remaineth,  seed- 
time and  harvest,  aud  cold  aud  heal,  aud  sxmimer  and  winter,  and 
dfty  and  night,  shall  not  cciiee. 

Secondly,  they  must  have  perceived  that,  as  Heule&ux  points  out, 
if  these  lavrs  could  be  brought  into  the  right  relaliou  with  ua,  or 
rather,  if  wc  could  bring  ourselves  into  the  right  rclutioii  with  them 
—  into  the  line  of  their  working  —  we  might  hope  to  be  able  to  gear 
our  email  machincfii  to  the  vast  .wheel  of  nature,  and  make  it  do  for  us 
what  we  could  uever  du  fur  ourselves. 

A  recent  xiTitor  has  asked  us  to  rocognire  in  certain  inventions  of 
man  estm-or^nic  aeme'ortjans  ;  to  sec  a  projection  of  the  human  eye 
in  the  telescope  and  the  niicroecope,  which  so  marvelounly  extend 
our  vision  that  it  cud  resolve  the  miety  light  of  the  far-off  nebulae 
into  suns,  or  discern  in  a  clod  uf  clay  a  world  of  wonder;  to  hear  in 
the  telegraph  and  the  telephone  the  tones  of  the  human  voice  so 
intensiBed  as  to  reach  round  the  world,  and  in  the  printed  page  the 
silent  voices  of  long  past  generations;  to  know  the  express  train  and 
the  ocean  liner  as  extensions  of  our  locomotor-mechanism;  and  to 
discover  in  a  tool  or  a  lever  the  human  ami  grown  strong  enough 
to  perform  seeming  miracles. 

Thirdly,  these  muster-minds  must  have  rcaliicd  that  in  the  study 
of  the  laws  of  nature,  and  iu  the  attempt  to  put  ourselves  into  touch 
wth  them,  there  would  certainly  be  revealed  more  and  more  of  what 
eccm  to  be  the  infinite  possibilities  of  our  environment. 

In  almost  even,'  endeavor  to  e.vp1ain  the  nature  of  obaerv-ed 
r phenomena,  fresh  ond  important  facts  emerge  which  in  their  turn 
^xtt\  for  explanation.  This  is  true,  for  instance,  uf  the  inveeligatiuus 
in  radio-activity  now  being  carried  out  by  Professor  Kutherford,  in 
■which  the  deductions  are  so  novel  and  startling  that  it  would  have 
"been  impoaaible  beforehand  to  have  made  any  prediction  as  to  their 
character.  Again,  what  u  vista  has  already  been  opened  up  by  the 
interaction  of  the  acipnce.-j!  What  a  great  development,  for  example, 
has  taken  place  in  electro- metallurgy,  due  entirely  to  the  processes 
made  po!>^bl(r  by  a  combiontiun  of  physics  and  chcnuHtry,  and  based 
upon  Faraday's  well-known  law  of  electrolysis! 

The  fir«t  and  second  of  these  conceptions,  namely,  that  law  is  a 
fixed  thing,  and  that  if  we  and  our  work  could  be  brought  into  the 
right  relationship  with  the  laws  of  nature,  they  would  expend  their 
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mighty  force  id  our  service,  make  posable  a  procett  under  the  con- 
trol of  man,  a  process  which,  while  h»Wa^  many  jatcnnediate  object*, 
bas  always  the  eame  goal.  Thus  we  may  primarily  study  the  steiua 
eagine  nnth  a  view  to  a  knowledge  of  its  mecbaDism,  while  our  ulti- 
mate aim,  if  we  are  to  work  with  complete  success,  must-  l)e  so  to 
design  Its  Mveral  parts  that  it  may  lend  itself  to  the  power  of  steam 
with  the  least  jiossibic  resistance. 

We  may  conceive  of  a  law  of  nature  as  a  fixed  thiug,  a  Niagara  of 
force;  we  want  lo  construct  a  wheel  which  ehuU  receive  its  impact 
and  turn  ilH  water  into  lire.  Nothiog  can  change  or  improve  the  lair; 
the  only  thing  we  can  do  is  to  make  ourselves  familiar  with  it,  which 
muy  bo  done  either  by  wfltx;hiiig  its  optrration  in  nature,  or  by  cau*- 
ing  it,  as  it  were,  to  display  ittself  before  us  —  bringing  together  the 
materials  whose  interaction  it  ia  our  purpose  to  investigate.  This  we 
call  making  an  experiment,  and  it  has  now  bucome  the  usual  nrtethod 
of  studying  the  lan-s  of  nature.  To  this  fact,  indeed,  must  be  attrib- 
uted much  of  the  rapid  progress  of  modem  science,  as  we  ba^'c  ao 
need  any  longer  to  wait. as  did  our  ancestors, for  nature  periodically 
to  marshHJ  her  forces  and  cause  them  to  defile  before  us. 

This,  in  general,  itt  all  wc  can  do  with  our  environment.  What  can 
we  do  with  ourselves? 

Id  order  t«  study  to  advantage  wo  must  get  mto  line  with  the  lavni 
of  the  mind,  remembering  that  they  arc,  equally  with  heat  and 
electricity,  the  laws  of  nature.  We  must  make  the  laws  of  the  mind 
work  for  us  instead  of  against  ue,  just  as  we  are  seeking  to  do  with 
the  forces  externa]  to  us. 

We  lind  that  to  bring  us  into  contact  with  the  outer  world  nature 
has  gii'en  us  the  live  senses,  and  the  wonder  i:^  with  how  small  a  use 
of  them  people  mana^  to  get  through  their  lives.  The  reason  is, 
pcrhape.that  these  aenses  only  present  facta  to  us,  and  facts,  alt  hough 
necessary  to  thought,  require,  like  other  raw  materials,  to  be  worked 
up  before  they  give  us  ordered  knowledge. 

We  also  find  that  the  upprelu-nsion  of  a  fact  by  the  niind  requires 
the  exercise  of  the  potver  of  obsen'ation.  This  presupposes  eenabil- 
ity  both  of  the  external  organ  and  of  the  brain  centree,  and  also  a 
certain  amount  of  will-power  which  prevents  (he  obeervation  from 
being  a  mere  photographic  reproduction  of  the  external  world.  The 
ohHcrvaf  ions  we  speak  of  must  be  of  a  special  character.  They  should 
be  minute  like  those  of  Hunter  in  his  study  of  a  deer's  horns;  ibey 
should  be  accurate  like  those  which  led  Adams  and  Leverrior  to  the 
simultaneous  discovery  of  Neptune,  and,  above  all,  they  should  be 
selective,  that  Is,  if  we  are  follov,-ing  up  a  special  point,  we  should  be 
able  to  fasten,  as  it  were,  on  the  fact  which  throws  light  on  the  qam- 
tion  at  iaaue,  remembering  that  tt  is  not  always  or  c\-cn  usually  the 
feature  most  prominent  which  will  put  us  on  the  track  of  the  disoov- 
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ery  of  true  connectiotis,  but  more  often  some  small  detuil  which  tho 
ordinftiy  pereon  pnases  by  uiihee<^ng-  For  infltAnce,  take  the  ca«e  of 
Becquerel  when  exnmininR  a  definite  point  suggested  by  tlie  discov- 
ery of  the  Ronton  raye.  At  that  time  it  wiu  thought  that  the  phoiH 
phoresoence  produced  id  a  vacuum  tube  vaa  in  some  way  connected 
with  tbdexcit&tion  of  X-rays.  Becquerel,  therefore,  examined  bodies 
vhich  were  phosphorescent  under  ordmary  light,  to  determine  if 
they  gave  out  rays  of  a  similar  character.  On  a  certain  dull  day  be 
happened  to  leave  a  photographic  plate  exposed  over  uranium,  and 
to  his  surprise  lie  found  that  a  Duuked  photoerapliic  impresuon  waa 
produced.  ICnowingthat  the  phosphorescent  light  from  the  uranium 
compound  persists  for  only  a  short  time,  be  was  able  to  draw  con- 
clusions which  proved  to  be  the  commeucem^ot  of  the  now  great  and 
important  investigation  into  radio-activity. 

Otwen'ation,  an  commonly  used,  seems  to  mean  to  see  with  atten- 
tion. It  therefore  involves  concentration,  or  the  focusing  of  the 
whole  force  of  the  mind  on  one  point  fur  an  appreciable  moment  of 
time.  As  soon  an  concentration  takes  place,  a  process  of  analysis 
begins,  and  we  pass  through  the  perception  of  Ukencss  and  difference 
to  clasHficutioii  and  then  to  genemlization,  by  which  we  fit  observed 
facts  into  their  pmper  places  in  the  achcnuc  of  nature,  gathering  up 
the  new  with  the  old  into  a  larger  and  larger  syiithosiH.  Memory  now 
comes  into  play  to  retain  what  we  have  gained;  and  a  new  impulse 
to  gather  new  facts,  &s  well  as,  sometimes,  a  freah  point  of  view,  we 
gain  from  the  contact  of  the  new  with  the  old  and  the  arou^ng  of  the 
power  of  deduction. 

Further,  we  must  not  overlook  what  is  really  a  fact  of  the  utmost 
importance  —  that  the  cultivation  of  obaervation  by  the  sense  of 
touch  and  the  use  of  the  hand  as  on  instrument,  together  with  the 
poBfflbility  of  making  experiments  which  must  be  carried  out  by  the 
hand,  have  led  to  what  might  be  called  a  discovery,  namely,  that  the 
truning  of  the  band  actually  stimidates  the  brain  centres.  This  has 
given  to  manual  tnuoing  its  true  value. 

By  this  procfss.  in  the  first  place,  of  studying  the  law5  of  nature, 
dther  as  they  are  presented  to  us  ia  the  natural  course  of  events,  or 
aa  we  may  induce  them  to  display  themselves  before  us  in  experi- 
ments; and.  secondly,  by  studying  them  with  all  possible  reference 
to  the  laws  of  the  mind,  including  those  of  the  interitction  of  the  hand 
and  the  brain,  we  attain  to  that  knowledge  of  our  environment  juid 
to  that  plane  of  capacity  in  ourselves  which  are  neceseary  prelimi- 
naries to  the  hringiag  of  the  powers  of  nature  under  our  control  in  the 
interestfl  of  humanity. 

What  is  the  indispensable  step  which  often  intervenes,  which,  un- 
taken,  maken  it  still  necessary  that  we  should  call  so  much  of  our 
knowledge  by  the  narae  of  pure  science?  For  how  many  centuries  had 
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sticks  hepn  nibbed  together  to  praduce  fire  before  Rumford,  while 
superintending  the  boring  ol  cannon  iu  the  Arsenal  Works  at  Munich, 
hit  upnn  the  true  explunation  of  what  becomes  of  work  spent  id 
frirlion?  Or,  as  Lamb  jmmorously  puts  the  case,  in  dif-cuMing  the 
origin  of  the  ciiHtom  of  eating  roasted  instead  of  ruyr  meat,  "in  pro- 
cefts  of  time,  saya  my  nifttjuscript,  a  eage  arose,  like  our  own  Locke, 
who  made  a  discovery,  that  the  fleBh  of  swine,  or  indcvd  of  any 
other  animal,  might  be  cooked  {burnt,  as  they  called  it)  without  the 
neeessity  of  consuming  a  whole  houw  to  dress  it.  Then  (irst-  began 
the  rude  form  of  a  gridiron.  Rousting  by  the  Hiring,  or  8ptt,  cnme  in 
a  century  or  two  later,  I  forget  in  whose  dynasty.  By  such  alow 
degrees,  concludes  the  manuscript,  do  the  most  useful,  and  seemingly 
tho  mo»t  ob^HoUB  arts,  make  thc-Jr  way  among  mankind,"  The  veil 
which  hid  the  prOFjiect,  once  dropped,  is  not  our  natural  exclama- 
tion. "Why  did  we  not  see  that  before?"  What,  then,  ia  the  noceesary 
bH'P?  Is  it  not  the  exercise  of  just  that  quality  which  the  aeicntific 
man  has  been  blamed,  and  often  with  too  much  reason,  for  neg- 
lecting? —  the  divine  gift  of  imapnation,  which 

"  bodiot  forth  ttu  fonni  of  things  udIuiowd." 

In  his  Defence  o}  Podry,  Shelley  points  out  the  evil  cffecta  "ivhich 
must  over  flow  from  an  unmitigated  exerrise  of  the  calculating 
faculty,"  and  pays,  "whilst  the  mechanic  abridges,  and  the  political 
economist  combinee  labour,  let  them  beware  that  their  apeeulatione, 
for  want  of  correepondcnce  with  Ihoee  first  principles  which  belong 
to  the  imagination,  do  not  tend  ...  to  exasperate  at  once  the 
extremes  of  lu.\ury  and  want." 

Out  of  such  conceptions  &s  theec  two,  by  the  proce»  just  described, 
the  Bcienee  which  has  received  the  descriptive  title  of  appUed  science 
and  the  general  title  of  technology,  has  grown  up,  but  almost  uncon- 
scioiisly,  for,  as  a  matter  of  fact,  it  has  arisen  far  more  from  practi- 
cal necessity  than  from  thought-out  achemee.  We  can  see  that  it  has 
a  twofold  nature  corresponding  to  the  process  referred  to. 

Fr'rBt,  we  can  learn  by  specialised  study  how  to  understand  and 
apply  the  principles  of  mechanics  —  which  is  coming  to  be  regarded 
by  some  authors  as  the  primary  all-emhraoing  science  —  to  the  con- 
struction of  worku  of  utility  of  every  kind.  We  find  this  conception 
distinctly  recognized  in  the  founding  at  Harvard  of  tho  Rumford 
Professorahip  in  1818.  In  his  will,  Count  Rumford  reserves  certain 
annuities  "for  the  purpose  of  founding  a  new  inRlitution  and  pro- 
fessorship, in  order  to  teach  by  regular  courses  of  academical  and 
public  lectures,  accompanied  with  pro[»cr  cxjicriments,  the  utility  of 
(he  phy«cal  and  mathetnat.ica!  sciences  for  the  improvement  of  tl»e 
iia>ful  arts,  and  for  the  cxtenaon  of  the  induatiy.  prosperity,  happi- 
ness and  well-being  of  society." 
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SeccmBtf,  we  can  train  the  mind  of  the  student  to  work  easily  along 
lines  of  sdpntific  tliougbt;  in  fact,  we  can  do  much  to  form  the 
Kientilic  inind. 

It  will  now  be  neen  that,  »o  far  as  ve  have  considered  it,  techno- 
logy is  resUy  a  process  of  education  —  a  secondary  acience  —  a 
process  wtiicb  has  \iwn  desciiticd  by  Elli5  us  an  entire  system  of 
education  by  new  methoda  to  new  uses.  He  tella  us,  at  the  sama  time, 
that  the  first  use  of  the  word  technology,  apparently,  was  made  in 
connection  with  the  professorsliip  just  mentioned,  in  that  Dr.  BigC' 
low,  who,  for  ten  yean,  held  it  with  marked  ability  and  succesB, 
published  his  lectures  under  the  name  of  the  Elements  o]  Technoloffy. 

We  find,  howCTOr,  that  technology,  as  now  taught,  embraoea  & 
third  department  of  a  completely  different  charnetor,  nnd  one  which 
hat)  ariaen  out  uf  the  working  of  the  third  conception  to  which  I  have 
called  attention,  namely,  that  in  the  attempt  to  utilize  the  natural 
laws,  there  would  certainly  be  revealed  more  and  more  of  the  infin- 
ite possibihties  of  our  environment. 

So  indeed  it  has  proved.  It  happens  that  certain  investigations 
into  the  chemical  and  phy-sical  propertiea  of  mutter,  into  the  dynam- 
ics of  steam,  electricity,  etc.,  have  been  made  by  the  engineer  rather 
than  by  the  physicist  and  the  chenust,  because  them  investigations 
have  been  required  by  the  practical  work  of  t  he  engineer,  and  because 
they  have  eomotimes  to  be  carried  out  on  a  scale  inconsistont  with 
the  more  delicate  experiments  which  are  the  chief  occupation  of  the 
physical  laboratory.  So  it  has  come  to  pa.ts,  aa  a  matter  of  conven- 
ience mainly,  that  engineering,  besides  being  a  profession,  ha^  been 
made  din-<-tly  responsible  for  certain  scientific  work,  and  may  in  this 
light  be  looked  upon  as  containing  within  itself  a  pure  science. 

Numerous  examples  niight  be  quoted  as  illustrating  this  statement 
from  any  good  engineering  laboratory,  and  I  uill  just  refer  to  one  or 
t«o  which  I  have  taken  from  our  own  experience  at  McGill  Univer- 
sity. Callendaj  and  Nieolaon,  with  the  platinum  thermometer  and 
ordinary  steam-engine,  were  able  to  deduce  laws  of  the  utmost  im- 
portance relating  to  the  cylinder  condensation  of  steam.  The  experi- 
ments of  Adatna  and  Nioolson,  and  sub-^quently  of  Adams  and 
Coker,  have  thrown  new  liglit  on  the  Sow  of  rock-masses  tmder  high 
pressures  and  temperatures,  and  further  developments  may  l)e  hoped 
for,  fla  generous  proiiiaion  for  the  purpose  has  been  made  by  the 
Came^e  Institute.  By  means  of  specially  designed  extensometera  it 
has  been  possible  to  study,  within  the  limits  of  elasticity,  the  lines 
of  stress  in  beams  under  transverse  loads,  and  much  progress  has 
been  made  in  the  solution  of  many  hydraulic  problems,  notably  in 
the  determination  of  coeflicients  and  the  critical  velocity. 

Thia  department  of  technology,  which  is  daily  assunung  more 
importance,  has  hitherto  been  little  emphasized,  and  it  naturally 
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brings  lis  to  consider  tho  distinct  ion  botwecn  pure  and  applied  science 
and  also  tlu:  ik-finition  of  the  place  wc  must  assign  to  technology  in 
the  general  scheme  of  knowledge,  a  definition  iovolving  the  proper 
c)ft^ficntion  of  science  in  the  widest  sense,  a  subject  which  has 
occupied  the  attention  of  many  learned  minda. 

Our  very  word  fcierice  itself,  that  is,  knowledge  ao  systematised 
that  prediction  and  verification  by  mftaaiiremcnt,  experiment,  obeer- 
vation,  etc.,  are  [waaible,  is  in  Germany  limited  by  the  name  of  exact 
science,  and  is  included  in  a  turgor  idea,  Wissentehalt,  which  seems  to 
embrace  ordered  knowledgeof  every  kind;  for  example,  the  accepted 
ptinclples  which  govern  the  search  for  historical  and  philosophical 
truth.  The  German  idea  of  WitsenBchaft  includes  ut  once  the  highest 
aims  of  the  "exact,  the  historical,  and  the  philo.fophical  lines  of 
thought."  "That  superior  kind  of  knowledge,  diguiHed  by  the  title 
of  Science,  must,"  says  one  writer,  "hav-c  generality  aa  opposed  to 
particularity,  fi>'stera  as  opposed  to  random  arrangement,  verifica- 
tion as  opposed  to  looseners  of  assumption." 

In  -view  of  what  has  gone  before,  there  is  no  need,  J  imagine, 
further  to  substantiate  the  claims  of  technology  to  a  rank  amongst  the 
sciences.  We  have  tried  to  show  that  its  material  h  scientific,  that  it 
ia  itself  in  all  departments  a  scientific  method  of  dealing  mlb  nut  tire, 
and,  in  one  dop»rlment,  an  actual  invceligation  into  nature;  but  we 
shall  see  that  its  place  in  a  general  claasification  of  science  is  rather 
a  composite  one. 

Pure  science  has  been  defined  bb  "the  knowledge  of  .  .  .  powera, 
causeii,  or  laws,  considered  apart  or  as  pure  fmm  all  applirations." 
It  involves  a  research  into  facts  by  which  we  learn  to  imderstand 
theirnatiire  and  to  recognize  their  laws,  ttnd  itsdesL-riptioD  naturally 
includes  a  history  of  the  facts  or  experiments  by  means  of  which  it 
has  been  made  manifest.  In  one  sense  eveiy  one  of  these  experi- 
ments is  an  application  of  already  known  laws  of  science  to  soums 
thing  of  the  nature  of  n  maeliine  —  a  caw  exactly  parallel,  ia  out- 
ward seeming,  with  what  la  done  in  the  ordinary  dcparlmcDta  of 
technology.  Yet,  w-itli  a  true  tnfllinot,  it  is  not  called  technology, 
and  why?  Because  the  cim  is  different.  Even  if  the  ultimate  aim  be 
tltility,  it  is  not  primarily  so.  The  first  and  inunediatc  aim  is  to 
subserve  no  practical  purpose,  but  to  dig  deep  into  nature's  garden 
and  find  the  roots  which,  down  in  the  dark,  are  working  out  their 
wonders. 

TheBoexperimentB  may  be  called  app/iVaironstff  pure  acience,  hut  Me 
mil  not  give  them  the  name  of  applied  science  or  teehnoiogj'.  which 
dearly  involves  the  idea  of  utihty.  Whetherthis  is  ueceesarily  a  higher 
or  a  lower  ideal,  wc  will  not  at  preBent  conader.  for  wc  have  ahown 
that  we  have  a  claim  to  both  ideals;  but  we  will  »mply  admit,  nay 
more  we  will  emphasize  the  fact,  that  the  tecluiolc^st,  in  theordin- 
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nry  sense,  wants  to  know  about  the  heat  of  the  sun  in  order  tliat  he 
might  drive  its  chariot  with  greater  success  than  I'haothon  of  old.  It 
is  not  knoicjedgt  but  power  whi«h  is  hin  ultimate  aim. 

Even  in  the  department  of  pure  scieuce.  to  which  we  have  referred 
as  the  third  department  of  technology,  t]ic  idea  of  utility  is  more 
^Riminent  than  it  ordinarily  is  in  the  laboratories  of  pure  science, 
though  etill  in  its  highest  form,  and  acting  rather  aa  an  incentive  to 
be^n  the  work  than  alTecting  the  manner  of  carrying  it  out.  Fur 
instance,  the  strong  desire  to  eliminate  the  errors  caused  by  the 
sensitiveness  of  metals  to  variations  of  temperature  has  prompted 
the  effort  to  find  a  remedy,  which  hoa  recently  resulted  in  the  U)«e  of 
a  definite  combination  of  nickel  and  rt«cl,  a  material  practically 
insensitive  to  temperature  changes. 

The  idea  of  utility  seems  to  be  tbe  real  key  to  the  distinction 
between  pure  science  and  technology. 

We  find  technology  variously  described  as  the  science  of  the  indus- 
trial arts;  a.i  the  application  of  scientifically  obtained  faete  and  laws 
in  one  or  more  depiirtments  to  some  practical  end.  wiiich  end  mica 
the  selection  and  arrangement  of  the  whole,  aa,  for  instnnce,  in  the 
practical  sciences  of  navigation,  engineering,  and  medicine.  Again, 
applied  science  is  defined  a«  a  knowledge  of  facts,  events,  and  piie- 
aomeaa  m  explained,  accounted  for.  or  produced  by  powers,  causes^ 
and  laws. 

We  see  that  when  laws  are  attached  to  facts,  whether  in  nature  or 
experiment,  for  the  purpose  of  explanation  merely,  we  call  it  pure 
Kience,  but  when  laws  are  attached  to  facts  with  an  idea  of  utility  in 
art,  manufacture,  or  in  the  general  service  of  liumnnity,  we  call  it 
applied  science  or  technology.  In  the  first  case,  the  fact  is  viewed  a» 
an  instance  of  the  law;  in  the  eecond,  the  fact  iteclf  ia  the  important 
thing.  Therefore,  the  distinction  between  pure  and  applied  ftfience 
■eenu  to  be  largely  one  of  purpose ;  if  our  purpose  is  to  establish 
a  law  we  call  it  pure  science,  if  our  purpose  is  to  e.stabli8h  a  fact  we 
call  it  applied  science. 

We  nee,  therefore,  that  technology,  while  in  one  department  a  pure 
science,  inveatigatiug  the  laws  which  govern,  for  example,  the  strength 
of  structures  both  as  dei>endent  on  material  and  form,  or.  in  general, 
any  problem  arising  out  of  the  artificial  working-up  of  natur^il  pro- 
ducts, is,  m  the  main,  to  be  called  an  applied  science,  and  is  in  fact  so 
described-  I  can  find  no  essential  difference  between  the  use  of  the 
two  terms  " applied  science"  and  "technology,"  as  they  are  ordin- 
arily employed  at  present,  and  scarcely  a  oaee  in  which  either  of 
them  could  not  l>e  used.  A  notable  exception  is  the  science  of 
medicine,  which  is.  strictly  speaking,  an  applied  science,  hut  which 
is  never  described  as  technology,  perhaps  foreshadowing  a  more 
distinct  specialisation  in  the  use  of  the  term  techooEog^',  eo  that  it 
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may  indicate  only  the  science  of  man's  makings  and  not  the  science 
of  man's  doJDgs.  The  scope  of  technology,  even  as  thus  defined,  is, 
perhape,  il9  most  striking  characteristic. 

The  endleas  range  of  knowledge,  opened  up  by  an  attempt  to  apply 
even  the  known  laws  of  nature  to  the  limitless  array  of  facts,  is  at 
once  appareait,  even  if  we  say  nothing  of  facing  the  new  problems 
arising  in  Iho  process.  Our  material  \b  c\'idontIy  the  whole  world, 
n'ilh  ull  the  giant  force;!)  impelling  it  on  its  yearly  circuit,  lighting, 
heating,  atid  supporting  its  myriad  forms  of  Life  and  ruling  their 
motion  and  their  reat. 

Where  shall  we  find  a  guide  in  this  complexity?  How  shall  we 
choose  between  necessary  and  unnecessary  knowledge?  In  tbeoiy  it 
seems  impossible  lo  draw  any  line,  and  one  never  knows  at  what 
moment  a  new  department  may  become  essential;  but,  in  praclice, 
this  very  possibility  has  suggested  the  course  which  bus  been  followed, 
namely,  the  attempt  thai,  has  been  made  to  gain  a  knowledge  of  those 
Iaw8  wliieb  up  to  the  pre$ertt  time  have  been  adapted  to  practical 
needs.  As  more  of  these  laws  arc  utilised  tbcyi  too,  will  be  incorpo- 
rated, and  the  limltationB  of  the  human  mind  must  then  l>e  pro- 
vided for.  in  a  greater  degree  than  is  the  case  at  present,  by  a  scheme 
of  options  which  will  allow  each  individual  to  use  a«  his  maiaial 
mainly  the  special  knowledge  that  he  will  require  in  the  department 
of  technology  chosen  as  his  particular  profession,  and  which  will 
i^ompcl  bim  to  know  of  the  other  departments  only  enough  to  fit  this 
into  its  right  place  in  the  general  scheme. 

Such  a  system  of  options  is,  fortunately,  feasible  by  reason  of  the 
fact  that  the  mental  powers,  trained  to  work  scientifically  in  a  given 
direction,  can  aftcrMiirds  bo  turned  to  other  objects.  At  least  thia  is 
the  case  when  the  method  of  working  is  given  the  first  importance,  as 
then  only  ia  It  possible  to  form  the  scientific  mind. 

If  we  examine  the  best  modem  schools  of  tcchnologj-  we  find  that 
the  curriculum  contains  departments  founded  on  the  conceptions 
with  which  we  have  been  dealing.    We  notice, 

Firtl,  a  study  of  selected  laws  of  nature  (i.  «.,  those  which  have 
already  been  applied  to  practical  purposes); 

(a)  us  seen  in  nature; 

(b)  as  seen  in  examples  and  descriptions  of  the  means  by  which 
they  have  lieen  utilised.  Tliia  corresponds  to  learning  by  experi- 
ment, and  includes  especially  the  study  of  all  types  of  machinory, 
implements,  and  instruments. 

Secondly,  n  distinct  aim  to  train  the  mind  of  the  etudont  in  accord- 
ance with  the  laws  of  the  mind. 

This  is  not  usually  done  theoretically,  i.  «.,  by  any  Inqulrj-  into  the 
laws  of  the  mind,  but  prnetically,  i.  e.,  by  causing  the  student  to 
learn  some  particular  form  of  industrial  art  in  a  scientific  manner. 
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Thirdly,  a  dietiact  desire  to  escouragc, 

(a)  research  into  the  nature  of  the  practical  facts  eesential  to  any 
art,  with  a  view  to  finding  out  reasons  for  the  same  in  the  knovm 
Irnvt  of  nature,  thereby  giving  workmen  the  opportiuiity  to  work 
btelHgently; 

(6)  nrigjnal  rsRearch  into  the  problems  arising  out  of  industrial 
processes,  with  a  %iew  to  finding  out  uuknowji  laws  of  nature,  and 
efipcciiiUy  those  which  muat  be  investigated  od  a  liirgc  scale. 

We  may  observe  that  thiB  clarification  includea  in  the  thirtl  divi- 
fiion  a  kind  of  research,  (a),  which,  though  DOt  exactly  pure  science, 
as  it  doce  not  seek  for  unknown  laws  but  only  for  known  laws  which 
will  fit  a  particular  case,  yet  partake?  of  the  tjame  nature  ujj  far  aa  the 
aotion  of  the  mind  is  concerned.  It  is  practically  useful  and  nftcefisary 
aa  a  part  of  tpchnolngy,  because  It  supplies  to  the  workers  in  any 
art  the  fundampntal  roaaons  which  justify  tho  employment  of  a 
certain  procedure  (whether  such  procedure  has  been  developed  by 
practical  experiment  or  whether  it  has  Iwen  developed  as  a  result  of 
theoretical  research].  This  search  for  causes  will  naturally  increase  in 
impOTtance  with  the  growth  of  knowledge  ac  to  the  scientific  carry- 
ing out  of  any  art,  or,  In  other  words,  as  trades  and  arts  tend  to 
become  more  scientific. 

In  practice  it  is  found  that  foremen,  educated  in  a  knowledge 
of  fundamental  Ituvs  as  well  as  in  scientific  proccsBCs,  are  far  more 
valuable,  and  that  the  workmen  also  «nll  be  all  the  better,  for 
whatever  knowledge  of  tliis  kind  can  be  g^ven  them.  Numbers  of 
firms  and  corporations  nre  now  acting  on  thix  principle,  some 
even  refuaing  to  accept  a  meaaenger-boy  unless  he  has  passed  through 
a  high  school. 

Further,  this  training,  which  enables  a  worker  to  rccogniiG  essential 
principles,  has  the  groat  advantage  of  showing  to  the  worker  in  what 
direction  it  is  possible  to  make  advances  and  improvements  and  —  no 
less  important  a  matter  —  in  what  direction  progress  is  impossible. 
The  history  of  invention  will  emphasize  the  truth  of  this  statement. 
How  much  time  and  brains,  for  instance,  have  been  wasted  in  devis- 
ing mechanism  which  involves  the  fallacy  of  perpetual  motion! 

Wc  notice  also  that,  in  the  second  department,  the  classification 
includes  instruction  in  the  scientific  process  of  carr>'ing  out  any  art 
re<iuired  by  a  student  for  his  future  work.  Id  any  true  univermty  this 
practically  useful  plan  is  made  to  subserve  the  end  of  mental  develop- 
menl  in  the  student.  This  department  naturally  takes  up  a  great 
deal  of  space  in  an  institution,  as  there  may  be  almost  as  many 
options  88  there  are  students.  Partly  for  this  reason,  partly  because 
it  is  the  easiest  end  at  which  to  begin  a  technical  school,  and  partly 
because  it  appeals  most  strongly  to  the  aon-uiuverei ty  man,  as  being 
apparently  a  short  cut  to  success,  It  is  not  infrequently  all  that  is 
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imdeMuod  by  teclmologj',  and  i»  all  that  is  directly  included  in  it« 
definition  as  the  seienee  of  the  industnal  arts.  Thia  scientific  instruo- 
tioD  in  the  industrial  arts  may  be  said  to  have  been  the  beginning  of 
t«clinologj',  und  where  it  haa  been  over-eniphiieiied,  it  has  given 
apparent  justification  to  the  idea  (of  which  there  is  still  a  sun-ivaJ) 
that  the  subject  is  not  neceeearily  scientific  in  any  wide  sense,  and 
tiiat  the  practical  training  of  workers  is  more  important  than  the 
theoretical. 

Technology  inuy  be  called  the  child  of  science  on  the  one  hand, 
and  of  induatria]  progress  on  the  other;  therefore  vre  must  DOt  be 
Kurpriscd  to  find  a  very  curioiia  bleadioj  of  the  spirit  of  both  in 
an  institute  oi  technolog}'. 

We  can  do  exactly  the  same  thing  at  different  times  with  a  different, 
even  with  an  opposite  motive,  but  though  the  same  thing  is  pro- 
duped  externally,  the  result  on  the  mind  of  the  student  is,  in  each 
c&se,  the  result  of  the  inner  motive.  What  happens  depends,  ae  it 
were,  on  the  point  upon  whieh  the  rtress  is  laid.  Wherever  the 
spirit  of  science  prevails,  we  are  on  the  lookout  for  phenomena  which 
may  lead  tis  to  a  better  imdcrstunding  of  s  known  law,  or  t-o  a  knon- 
ledge  of  »nme  hitherto  tinknown  law  of  nature.  Wherever  the  spirit 
merely  of  industrial  progress  prevails,  we  arc  on  the  lookout  for 
some  adaptations  of  our  marhincs  or  proceE.scB  which  may  add  to 
the  chanccfl  of  commercial  advantage.  In  the  former  i-aite,  while  we 
Icani  Ihc  best,  because  the  scientific,  method  of  carrjing  out  on  art, 
wc  put  at  the  isumc  time  the  real  emphasis  on  producing  the  scjen- 
tifie  mail.  In  the  latter  case  you  produce  merely  an  intelhgent 
handicraftsman,  whose  very  highest  aim  is  to  improve  his  art  —  by 
no  menus  an  ignoble  end,  but  one  wliich  might  easily  be  ennobled, 
and  one  which  may  and  often  doea  defeat  its  own  purpose  —  for  the 
true  scientific  spirit  ie  also  a  spirit  of  prophecy,  and  if  you  do  not 
succeed  in  producing  it,  those  things  which  might  have  been  to  you  a 
new  revelation  will  lie  by  your  side  unpcrceivcd.  Mcrz  likens  Bacon 
to  "one  who  inspects  a  large  and  newly  discovered  land,  layinR  plans 
for  the  development  of  its  resources  and  the  gathering  of  its  richee." 

In  the  fact  of  Hcientilic  foresight  is  found  a  strong  practical  argu- 
ment for  curbing  the  impatience  to  acquire  the  training  requisite 
for  success  in  a  practical  profcwion  — the  readiness  to  sacrifice  a 
more  remote  to  a  more  immediale  end.  Tliis  impatience  is  still  so 
great  as  to  cause  a  serious  danger  that  our  technical  schools  may 
be  tempted  to  gnvo  a  purely  professional  training,  or  that  profee- 
sionali.tm  may  become  overwhelmingly  strong  in  them,  and  threatens 
to  introduce,  into  even  our  common  schools,  a  far  too  soon  begun 
specializiitiun. 

That  this  danger  exists  is  one  reason  why  it  is  true,  and  prob- 
ably always  will  be,  that  lie  scientific  spirit  ie  relatively  more  often 
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produced  in  the  students  or  pure  scieoce  than  in  tbe  Gtudents  of 
applied  science,  but  note  that  this  is  only  relatively  true.  Other 
thinga  must  be  considered.  Where  you  can  get  one  maii  to  devote 
hinnlf  to  pure  scienoc,  you  con  find  s  thousand  to  fill  the  ranks  of 
practical  workers,  so  that  you  grvtitly  multiply  the  actual  chanccx  of 
discoveiing  the  why  and  the  wherefore  of  things,  and,  at  the  same 
time,  you  secure  the  CDthuraastn  derived  from  numbers.  Also  besides 
the  mere  increase  of  chances  ariang  from  larger  numbers,  and  the 
immediate  effect  of  numbera,  we  can  claim  for  the  workers  in  applied 
Kience,  under  the  beat  condJtioDe,a8remnrkHbleB  development  of  the 
acieotific  spirit  as  has  ever  been  recorded  in  the  auuals  of  pure  science. 
Take,  for  example,  the  grtiat  French  chemist  and  naturalist,  I'usicur, 
wbo  "has  been  able,"  as  Ray  Laakester  justly  says,  "oot  oJinply 
to  pursue  a  ri^d  path  of  investigation  dictated  by  Mio  logical  or 
natural  connection  of  the  phenomena  iavL-«ligatcd,  but  deliberately 
to  select  for  inquiry  matters  of  the  most  profound  importance  to  the 
community,  and  to  bring  his  inquiriee  to  a  aucceesfvil  practical 
issue  in  a  large  number  of  instances.  .  .  .  The  discoveries  made  by 
this  reoiarkable  man  would  have  rendered  him,  bad  he  patented 
their  application  and  disposed  of  them  according  to  commercial 
principles,  the  richest  man  in  the  world.  They  represent  again  of 
some  millions  sterling  aonualty  to  the  community." 

Moreover,  we  must  remember  that  what  we  have  called  pro- 
fessioiialisin,  though  limited  to  a  sphere  which  appeals  to  our  indi- 
vidual interest,  is,  after  nil,  in  part  of  its  nature,  very  closely  akin 
to  the  scientific  spirit  —  intutmuch  na  it  seeks  for  truth,  and  is  often 
imbued  with  the  spirit  which  woutd  spend  itself  in  the  effort  lo 
uhievc  honest  work,  in  the  joy  of  overcoming,  in  the  patient  per- 
formance of  duly,  or  in  the  search  for  what  will  bring  lioaor  to 
the  profesaon.  Therefore,  in  contmsting  the  spirit  of  professional- 
iem  with  the  Bcientific  Bpirit,  it  is  rather  the  element  in  profesaion- 
aliam  that  we  may  call  commercialism  which  we  wish  to  avoid  — 
the  way  of  cstimnting  values  by  money  value  and  of  meutfimug  our 
interests  by  dollars  and  cents. 

Further,  we  cannot  afford  to  condemn  even  commercialism  in  a 
wholesale  miinncr,  as  is  often  done.  Wc  are  led  to  look  for  the  ele- 
ment of  real  value  which  must  be  there,  when  we  find,  for  instance, 
the  last  India  budget  pointing  with  satinfactinn  to  the  great  in- 
crease ill  bank  deposits  in  spite  of  plague  and  famine,  and  when 
we  find,  in  general,  that  we  arc  always  able,  to  a  certain  extent,  to 
meofture  any  nation's  progn'm  by  its  increase  in  richer. 

Let  ua  notice,  however,  that  the  purely  scientific  man  contrib- 
utes greatly  to  the  worid's  wealth,  but  seldom  to  his  own,  and  has 
to  be  supported  by  a  world  which  knows  the  value  of  his  work  and 
nukea  an  appreciative  entourage.     Notice,  also,  thai  the  study  of 
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commercial  methods  is  distinctly  good  as  opposed  to  wauie.  being 
quite  uecessary  to  the  study  of  economics,  wliicb  is  the  applica- 
tion  of  pliilueophiciil  and  scientific  principlee  to  the  ronduct  of 
life  — a  kind  of  final  aim  of  thc!  genernl  application  of  science  to 
life.  To  know  how  to  live  and  conquer  our  enviroiiment  financially, 
in  a  nriBiiner  eii:<y  enough  to  \ea\ti  some  mur^n  fur  intvlWtual 
advaneemtrnt,  seems  to  be  a  necessary  condition  of  living  on  a  high 
piano.  Tnie,  one  can  have  plain  li\-iiig  and  high  thinking,  but  when 
it  conieit  to  sordid  li\*ing,  when  the  food  is  perhaps  too  little  lo  feed 
the  brain,  or  even  when  every  scrap  of  onerg>'  is  used  up  in  pro- 
viding for  material  wants,  then  indeed  the  wings  of  the  imagina- 
tion are  clipped  and  the  eagle  becomea  a  barnyard  fowl. 

If,  then,  this  commercialism  has  so  much  th&t  is  good  and  ncce«- 
eary,  why  nliould  wc  look  upon  it  as  a  dangerf  Beoauae,  like  fire, 
it  Is  a  good  Dervaiit,  but  a  bad  master;  beeauae,  in  this  world,  ve 
must  look  upward,  or  with  level  eyes,  or  downward.  Wo  feel  in- 
stinctively that  true  scientific  thought  is  an  aspimlion,  that  a  wlae 
economy  or  management,  a  taking  far-«eeing  advantage  of  cir- 
cumstances, or  any  honorable  making  of  money,  espeeially  for 
unselfiah  purposes,  is  practical  common  sense,  and  is  helpful  in, 
as  it  were,  buying  time  in  which  we  may  rise  to  higher  thingx.  On 
the  other  hand.  \ve  feel  no  \em  that  if  we  turn  the  makbg  of  money 
into  a  goal  in  itself,  the  rosd  to  It  is  beset  uith  the  [utfalla  of  greed, 
selfishness,  and  dishonor,  and  that  the  looking  at  it  thus,  or  as  the 
chief  .itandard  by  which  to  measure  values,  is  quite  unworthy  of 
our  higher  nature.  "What  lovely  puppiesi"  exclaimed  the  child. 
"A  hundred  dollars'  worth  of  dogs,"  remarked  the  lad,  who  waji 
trying  to  reach  too  quickly  the  time  when  the  glory  of  dawn  truAle 
into  the  light  of  common  day. 

On  these  grounda  wc  feel  that  any  te*ching  that  allows  com- 
mercialism to  become  too  important  a  fa*itor  is  fraught  with  dan- 
ger. That  we  spenk  of  it  not  as  an  e\'il,  but  as  a  danger,  suggests 
a  reason  why  it  is  not  shunned  "vrith  more  care.  U  is  only  a  risk, 
and  I  am  afraid  that,  over-confident  in  the  steadiness  of  our  bendfl, 
we  seldom  mind  skirting  moral  preeipicep.  but  in  a  scientific  insti- 
tution, at  least,  we  ought  steadily  to  build  up  the  innsibl©  moral 
ideal. 

Kisk  is  a  conception  distinctly  opposed  to  any  evience  seeking 
after  absolute  knowledge,  and  should  be  as  far  as  poseiblo  dis- 
couraged, whatever  legitimacy  there  may  be  in  it  being  replaced 
by  a  keener  foreught.  If  we  deal  u-ith  risks  at  all,  it  should  be  in 
a  scientific  way,  calculating  their  amount  and  providing  for  them, 
and  we  should  cert«inly  practice  what  we  preach,  estimating  with 
care  the  danger  of  commercialism,  and  deciding  whether  it  would 
not  be  better  to  avoid  it,  lest  we  be  confronted  with  tJio  ncccesiiy 


FUNDAMENTAL    CO^'CEPT^ONS 


M9 


P 


of  prontiing  a  counterpoiBC  for  which  a  technical  inatitule  offers  no 
adequate  material. 

It  may  be  said  that  this  is  a  side  issue,  and  not  a  fiindamental 
coDceptioD,  but  our  assumptions  are  always  greater  than  our  con- 
scious knowledge,  and,  in  one  sense,  there  arc  no  side  is^ucft.  No 
truly  8ci«ntiGc  man  can  1^  blind  to  the  portion  of  his  immediate 
object  in  the  geocral  scheme  of  things,  and  the  more  broad-minded 
be  ia  the  more  cartful  will  he  be  that,  as  he  movea  along,  he  is  not 
stining  up  forces  for  evil;  more,  be  will  be  positive  in  bis  effort, 
and  will  try  to  see  that  it  is  tending  to  produce  a  man  whose  work 
shall  be  worthy  of  his  own  ii&ture. 

All  moral  issuce,  which  have  been  often  used  in  support  of  the 
Idea  of  the  new  technical  education,  are,  in  the  same  senEe,  side 
issues.  A  technical  school  is  not,  and  cannot  be,  primarily  a  schonl 
of  morals;  but  cvon  men,  sufficiently  careless  about  their  own 
standard  of  life,  are  glad  enough  to  encourage  and  cultivate  in 
others  (hat  stability  of  conduct  which  is  the  best  bulwark  of  a 
democratic  state.  If  we  consider  the  manner  iu  which  iiiiy  moral 
effect  may  be  looked  for,  as  a  result  of  technical  training,  wc  shall 
see  that  the  process  mii-st  be  something  of  the  following  nature. 
The  inner  eye,  which  sees  truth,  is  necessaiily  aided  by  the  imme- 
diate detection  of  errors  in  form,  or  in  the  nice  adjustment  of  out- 
ward things,  and  the  consequent  emphasis  which  is  laid  upon  the 
■value  of  accuracy.  We  cannot  take  the  first  step  towards  a  virtue 
until  we  see  it  clearly,  and.  therefore,  whatever  magnifies  it  makes 
that  step  more  possible.  Again,  we  nmy  reflect  that  the  enforced 
yet  pleaeiujt  exercise  of  a  virtue  may  do  much  to  make  it  agree- 
able, and  may  diminii^h  any  natural  opposition,  to  it  which  may 
happen  to  exist.  Further,  still,  we  may  go,  and  assort  that  the  will 
If  may  be,  and  is,  cultivated  in  the  overcoming  of  obstacles, 

id,  therefore,  may  be  made  the  more  powerful  instrument  of  an 
awakened  and  a  holy  purpose  —  for  deep  down  beyond  all  this, 
we  come  to  the  place  where  we  are  forced  to  admit  that  we  have 
reached  the  limit  of  human  effort,  to  the  place  where  the  wise  will 
lift  up  "hands  of  faith."  No  science  can  teach  a  lote  of  truth  which 
ahall  be  strong  enough  to  conquer  Ufe.  Ycl,  within,  its  limits,  in 
common  with  all  true  scientific  teaching,  and  perhaps  in  a  larger 
measure  proportionate  to  its  appeal  to  a  larger  elientile,  teclmo- 
logy  may  lay  claim  to  produce  mora]  etrength,  trutli,  and  manli- 
ness. 

Nor  ia  this  all  by  any  means.  Technology  has  been  exalted  as 
the  spring  of  civilization,  and  it  is,  and  not  only  or  merely  because 
the  promoters  of  utility  increase  the  eEise  of  life,  "make  space  and 
give  time,"  and  so  broaden  our  mental  horizon,  hut  also  hoeause 
in  the  contest  with  the  earthly  and  the  sensual  it  is  do  small  mutter 
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to  be  reinforced  by  the  widv^pread  existence  of  intellectual  tastes, 
and  because  the  patient  waiting  on  nature,  often  60  ueceasary  io 
Bcieutihc  work,  tends  to  produce  self-restraint.  To  self-restraint 
and  true  temperance  wc  must,  look  to  save  our  civilizatioa  from 
parsing  into  rottenneeg,  as  hua  been  the  fate  of  many  auothcr, 
which,  dahlia-like,  has  blossomed  only  to  turn  into  a  sodden  urnas, 
because,  perhaps,  it  has  not  recogiiixed  the  truth  that  it  is  of  do 
use  at  all  to  relin-e  the  vices  of  the  state,  that  the  plow,  which 
uproots  the  evil  weeds  without  mercy,  must  prepare  the  way  for 
the  n-av-iug  grain  and  the  fruitful  harvest  of  a  tnie  civilization. 
We  miKht  go  on  —  wc  might  call  attention  to  the  self-aacrificc 
which  often  leada  the  man  of  pure  ncience  and  aurely,  not  seldom, 
the  true  technoEogist,  to  count  his  life  well  lost  in  the  service  of 
truth.  Nur  in  this  busy  practical  age  must  we  forget  that,  if  we' 
choose,  we  can  make  each  obstacle  overcome,  not  &  step  from  wbich, 
like  a  child  in  play,  we  can  leap  back  to  our  former  ponlion,  but 
B  point  of  vantage  from  which  we  can  scale, 

"  By  «!ow  dr^^reoi.  by  more  and  mor*. 
Th«  cloud;  feuiiunita  of  our  lintc." 

There  is  one  eubject  on  which  I  should  like  to  say  a  word,  one 
that  is  generally  used  as  a  contraat  to  technology,  namely,  "fine 
art,"  or  the  science  of  beauty,  the  beautiful  being  regarded  as 
the  antithesis  of  the  useful.  I  cannot  feel  content  so  to  expreas 
the  relation  between  the  two. 

Have  wo  not  already  noticed  that  the  inspiration  of  genius,  no 
lees  in  scienre  than  in  art,  requiren  the  imagination  as  its  instru- 
ment, and  can  only  express  itself  iu  terms  of  its  language?  Also, 
has  not  one  of  the  greiitc«t  wntem  on  the  science  of  the  beautiful 
called  oiu*  attention  to  the  fact  that  t>eauly  without  strength  and 
truth  is  a  sham?  No.  there  can  be  here  no  true  antithesis.  The 
power  of  8e^g  the  abstract  must  l>e  much  the  name  mental  power, 
to  whatever  subject  it  is  applied,  and  whether  it  discowrs  ideal 
truth  or  ideal  beauty,  it  matters  little;  the  great  thing  is  to  feci 
the  Soul  of  things  at  all,  and  not  to  be  only  capable  of  seeing  with 
a  surface  realism  which  thinks  nothing  worth  discussing  unless  it  can 
be  handled. 

In  practice,  however,  we  still  find  a  difHculty.  In  the  early  stages 
of  technolo^eal  education,  drawing  is  recognized  to  be  the  foun- 
dation of  the  industrial  as  well  as  of  the  fine  arts,  but  later,  an  ap- 
parently inevitable  speoialixation  differentiates  between  the  two, 
and,  except  in  the  one  department  of  architecture,  beauty  and  the 
science  of  beauty  have  been  largely  ignored  by  the  new  education. 

Is  it  really  necessary  to  be  ugly  in  order  to  be  useful?  Can  we  not 
lift  and  store  our  grain  without  disfiguring  our  most  beautiful 
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views?  Must  we  strip  our  great  forest  of  trees  and  make  them  into 
bare  poles  from  which  to  swing  our  electric  wires?  Should  it  be 
possible  to  describe  any  human  habitations  as  packing-boxes  pierced 
with  holes?  Is  it  reaUy  a  useful  purpose  which  would  take  for  any 
common  end  the  glorious  redwood  forests,  planted  before  the  Chris- 
tian era,  "for  the  service  of  man"  indeed,  but  for  what  service  — 
to  build  him  a  house  —  to  kindle  him  a  fire  —  or  to  waken  his  soul 
to  a  knowledge  of  its  own  value? 

Here,  then,  is  not  a  danger  to  be  guarded  against,  but  a  want  to 
be  supplied.  We  need  the  imagination  in  the  highest  departments 
of  technology,  but  there  is  at  prraent  no  distinct  training  for  it, 
uid  there  should  be,  if  only  to  help  a  man  to  realize  the  unity  of 
his  own  mental  being  and  the  mighty  imity  of  Nature,  which  could 
give  us  a  type  of  the  fixity  of  law  in  the  r^nbow,  of  all  colors  the 
most  beautiful  and  ephemeral,  of  all  forms  the  strongest,  throwing 
across  the  clouds,  still  black  with  threatening,  its  perfect  arch,  — 

"  A  glorioufl  thing  that  datmtlesB,  deathleas. 
Sprang  across  them  and  stood  steady." 
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BY   JOHN   ALEXANDEH   LOW    WADDELL 

{John  Alexander  Low  Wadd«II.  ConeuJtuig  Eiijetncer.  firm  ct  Waddell  and  Hcd- 
lick,  ICnnsiui  City,  Missouri,  b.  Jajiuary  15,  ISM,  Port  Hope,  Onluriio,  Cuiui«lii. 
C.I::.  Itciisael^er  Poh-teclmk  Institute,  1875;  B.A..Sc..  and  Mu.  E.  McQill 
llniTCTOty.  1882:  D.Si;,  McGill  Univemty,  1W4;  LL.D.  Miasouri  State  Univer- 
>ity,  1904;  KnigLt  QimnisiitloT  of  tha  Japuiese  Order  of  tbe  Riiiiiig  Sun,  188S: 
Awistant  Profeseor  of  RAtioiud  a&d  Teehoink!  Mi^chAoics.  R«iissela«r  Poly- 
t*clinio  Icatitute,  1878-80:  Piofeasor,  Civil  Enginepring,  Imperial  Univeriiity, 
Tokyv,  Japan.  1SS2-S6;  Consulting  Engiiiecr,  Kensas  City.  Missouri,  16S7~ 
I0O5.  Member  of  Americaa  &odi>ty  of  Civil  EugineTe;  Institution  of  Civil 
Bneineera,  London;  Lu  Sodi^td  des  lug^nievurs  Civils,  Paris;  C-anadiqn  Society 
of  Civil  Buffoeen;  Reiift8cia<:r  Soti^-ty  of  Engineers;  Socitty  for  Promotion  of 
Kngine^BS  Eduwition;  GeogrophioiJ  Society  of  Frscci-;  Honorary  Mi^mber 
of  Kogaku  Ky(ik;ii  (Japtimw  EnginePtinK  Society) ,  Author  of  ciiiny  books  on 
bntlge-ljuilding,  buicJi  i»»  A  Hj/atem  vj  iron  Hailroad  BrvJga  for  Japan;  be  Pont- 
ibuj;  6t«.] 

The  topic  set  for  thia  address  ia  "  The  Relations  of  Civil  Engineering 
to  Other  Branches  of  Scif^ncc."  In  its  broad  sense  civil  eugiiieep- 
ing  includes  all  branches  of  eugiueeriug  except,  perhaps,  the  military. 
This  is  ita  scope  as  recognized  by  two  of  the  highest  authorities,  vh., 
the  American  Society  of  Civil  Engiceers  and  tbe  IiistitutioD  of  Ci"! 
Eo^Jieera  of  Great  Britaia;  for  theee  iwo  societies  of  civil  eogin- 
Mra  admit  to  their  ranks  members  of  all  branches  of  cngincvring. 
It  is  evident,  though,  from  a  perusal  of  the  Programnie  of  this  Con- 
grew  that  the  Organiziug  Committee  intended  to  use  the  term  in  a 
lestricted  sense,  becau^  it  bos  arranged  for  addresses  on  mccbanicat, 
electrical,  and  miiiing  engineering.  But  what  are  the  proper  restric- 
tions of  the  term  is,  up  to  the  present  time,  a  matter  of  individual 
opinion,  no  authority  ha\-ing  aa  yet  attempted  dcfmitely  to  divide 
enpneering  work  among  the  various  branches  of  the  profession.  Tu 
do  lio  would,  indeed,  be  u  most  difBcult  undertaking;  for  not  only  do 
all  large  const.rucUoD8  involve  several  branches  of  engineenng,  but 
'rIso  the  professJoD  is  constantly  being  more  minutely  divided  and 
subdivided.  For  instance,  there  ore  recognized  to-day  by  the  general 
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public,  if  DOt  formally  by  the  profcseiou,  tbe  specialties  of  archi- 
tecture, bridge,  chemical,  electrical,  h&rbor,  highway,  hydraulic, 
iandscBpe,  maiine,  mecbanical,  metallurgical,  mining,  municipal, 
roibtiiui,  and  Booitiu-y  cnginceriug,  aiid  poeaibly  other  divisiwia; 
and  the  end  is  not  yot,  for  the  tendency  oE  modom  times  Itt  all  walks  h 
of  life  is  to  EpeciaJize.  V 

Between  Tredgold's  broad  definition  of  civil  en^ecring,  which 
includes  substantially  jvH  the  applied  Bcicnccs  that  rclutc  to  coustnu;- 
tion,  and  the  absurdly  narrow  definilion  which  certsio  en^aeere 
have  lately  been  endeavoring  to  establish  during  the  course  of  a  Bome- 
whst  aniniatcd  discussion,  and  which  would  confine  civil  engineering 
to  dealing  with  (ttationary  Htruoturvs  only,  there  must  be  some 
method  of  limitation  that  will  recoguiEe  the  modem  tendency  toward 
specialization  n-ithout  reduong  the  honored  profession  of  civil  en- 
gineering tu  a  tnere  subdivinon  of  applied  mechanical  science. 

Without  questioning  in  any  way  the  correctncas  of  the  Tredgold 
definition,  ci\'il  engineering  will  b«  assumed,  for  the  purposes  of  thia 
addreea,  to  include  the  design  and  eonslruetion  of  bridges;  extensive 
and  difficult  foundations;  tunneling;  n.-tuiDing-walU,  sea>walls,  and 
other  heavy  maaonry;  viaducts;  wharves;  piers;  docks;  river 
improvement;  harbors  and  watcnvnye;  watci^«upply ;  sewerage; 
titration;  treatment  of  rcfuBo;  highway  constructinn;  canals; 
irrigation  works;  dams;  geodetic  work;  Burvejnng;  rwtways  (both 
steam  and  electric);  gas-works;  manufacturing  plants;  the  general 
dmgn  und  vouetruclloii  of  plants  for  tbe  production  of  power  (steam,  I 
electric,  hydmulic,  and  gaseous);  the  general  design  and  construe-  ™ 
tion  of  cranes,  cable-ways,  breakers,  and  other  mining  structures; 
the  heavier  structural  features  of  office  buildings  and  other  laige 
buildings  that  carry  heavy  loads;  the  general  problems  of  trana- 
portation,  quarrj'ing,  and  the  handling  of  heA%*y  materials;  and  all 
deigning  and  construct  iou  of  a  ^milar  nature.  fl 

In  contradistinction,  mechanical  engineering  should  include  the™ 
deagn  and  construction  of  steam  engines,  machine  tools,  locomo- 
tives, hoisting-  and  conveying-machinery,  cranes  of  the  usual  types, 
rolling-mill   machinery,   blast-furnace  mnchinory,  and,  in   fact,  all 
machincrj*  which  la  deagned  for  purely  manufacturing  purpoMS. 

Electrical  engineering  should  include  all  essentially  electrical  work, 
such  as  the  designing,  construction,  and  operation  of  telephone  and 
telegraph  lines;  eleetric-light  pUnte;  dynamos;  motors;  switch- 
boards; wiring;  electric  devices  of  all  kinds;  transmission  lines; 
cables  (both  marine  and  land);   and  storage  batteries, 

Mining  engineering  should  include  all  underground  mining  voik; 
means  for  handling  the  products  of  mines;  roasting,  smelting,  milling, 
stamping,  and  concentrattng  of  ores;  drainage  and  veatUattoa  of  j 
mines;  disposal  of  mine  refuse;  and  similar  problenu;. 
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It  is  impracticable  to  dt&v  Imrd-and-fast  lines  between  the  various 
braachea  of  cn^Dcering.  because,  an  before  indicated,  nearly  ut)  large 
conatructiona  involve  se\'eral  specialties;  conaequently  no  specialist 
can  con&no  hia  attention  to  a  single  line  of  work  to  the  exclusion  of 
all  other  lines.  For  inetunce,  the  bridge  engineer  encounters  mecliaiJ- 
cal  and  electrical  engineering  problems  in  designing  movable  bridges; 
railroading  in  apprnachea  to  bridges;  river  improvement  in  tiio 
protection  of  piers  and  abutments;  highway  construction  in  the 
pavement  of  wagon  bridges;  architecture  in  the  machinery  houtsea 
of  swing  spang;  hydraulic  engineering  in  guarding  bridges  against 
fire;  and  cheiuielry  and  metallurgy  iu  testing  nmtcrials.  The  rail- 
road engineer  encounters  architecture  and  structural  engineering 
in  depots,  roundhouftet*,  and  other  buildings;  hydraulic  problems  in 
pumpiug'plauts  and  back  protection;  mechanical  engineerinK  in 
taterlocl<ing  pltmls;  and  electrical  engineering  in  repair-shop  mocliiii- 
ery.  The  mining  engineer  invadcti  the  field  of  mechanical  and  elec- 
trical eiigineeriiig  in  iiia  hoieting,  ventilating,  and  tranaporling 
machinery;  deals  with  civil  engineering  in  hia  surveys;  and  en- 
eountera  chemistry  and  metallurgy  iu  testing  ores.  Similarly  it 
might  be  shown  that  all  branches  of  engineering  overiap  each  other 
and  are  interdependent. 

It  was  the  general  opinion  among  scientists  not  many  years  ago 
that  engineering  was  neither  a  science  nor  a  pwfcsMion,  but  merely  a 
trade  or  business;  aiKl  even  to-day  there  are  a  few  learned  men  who 
hold  to  this  notion  ~~  some  of  them,  mirabilc  dictu,  being  enpneers; 
I  but  that  such  a  view  is  entirely  crnineona  is  now  commonly  cou- 
*'iteded.  He  is  an  ill-infomied  man  who  to-day  will  deny  tlml  civil 
engineering  has  become  one  of  the  learned  professions.  Its  advuncea 
in  the  \asl  quarter  of  a  century  have  been  truly  gigantic  and  unpre- 
cedented in  the  annals  of  profcGaional  development,  It  certainly  can 
jUBtly  lay  claim  to  being  the  veritable  profession  of  progress;  for  the 
,  lUgBT  portion  of  the  immense  material  advancement  of  the  world 
'dli^g  the  last  century  is  due  primarily  and  preemineully  to  its 
enpueers. 

It  must  be  confeased  that  half  a  century  a^  en^liieering  wu  Utbla 
better  than  i\  trade,  but  by  degrees  it  advanced  iato  an  art,  and  to- 
day, in  its  higher  branches  at  least,  it  ie  certainly  a  aciencc  and  one 
of  the  principal  sciences. 

The  sciences  may  be  divided  into  two  main  groups,  vi«.,  "Pura 
Sciences"  and  "Applied  Sciences." 

The  "Pure  Sciences"'  include: 

(1)  Tlioae  scienoen  which  deal  with  numbers  and  the  three  dimen- 
aons  in  space,  the  line,  the  surface,  and  the  volume,  or  in  other  words 
"Mat  hematics." 

(2)  Those  sciences  vtliicb  deal  with  Inorgauio  matter,  its  ori^. 
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structure,  mctAmorphoses,  and  properties;  sucb  as  gcclogy,  petro- 
logy, cheaustr>',  physcs,  mineralogy,  geography,  and  astnmomy. 

(3)  Those  ecieuces  which  deal  with  the  laws,  structure,  aud  life 
of  orgaaio  mutter;  such  as  butKDy,  zoology,  entomology,  anatomy, 
phj-siology,  and  anthropology. 

(4)  The  eocial  ecieuces;  euch  as  political  ecooomy,  sociology, 
philosophy,  history,  pHycbology,  politics,  juris prudunce,  education, 
&nd  rclii^on. 

"Apphed  Sciences"  include: 

(!)  Tlioee  which  relate  to  the  growth  and  health  of  organic  matter; 
sucb  as  medicine,  surgery,  dentistry,  hygiene,  agriculture,  floricul- 
ture, and  borticutture. 

(2)  Those  which  deal  with  the  trausforinution  of  foKe«  and  inor- 
ganic matter,  viz.,  the  various  lines  of  engineering, — ci\-il,  mechani- 
cal, electrical,  mining,  marine,  chemical,  metallurgical,  architectum), 
etc. 

(3)  Those  which  relate  to  economics;  sucb  as  industriaJ  organiza- 
tions and  manufaeturcs,  transportation,  commerce,  exchange,  and 
insurance. 

Some  writors  make  no  distinction  between  the  terms  "Political 
Economy"  and  "Economics,"  but  in  this  address  they  are  divided, 
the  former  relating  to  broad  subjects  of  national  importance,  and  the 
latter  to  minor  matterH  and  to  some  of  the  details  of  larger  ones. 
For  instance,  currency,  the  national  debt,  blinking,  customs,  taxa- 
tion, and  the  subsidising  of  iuduetries  pertain  to  "Political  Econ- 
omy," while  economy  of  m&tcrialH  in  designing  and  of  cost  of  lalxjr 
in  eonslruction,  supplanting  of  hand-power  by  machinery, systemixa- 
tion  of  work  of  all  kinds,  adjustment  of  grades  and  curvature  of  rail- 
roadn  to  Irailicaad  time*  and  labor-saving  devices  come  under  the 
head  of  "Ecoaomies." 

The  distinctions  betft'ecn  the  pure  and  the  applied  sciences  are  at 
timefi  extremely  di  FRcult  to  draw,  for  one  science  often  merges  almost 
imperceptibly  into  one  or  more  of  the  others. 

The  groups  of  pure  sciences  that  have  been  cnumcruted  may  be 
termed: 

The  Mathematical  Sciences, 

The  Physical  Scicntrcs, 

The  Physiological  Sciences,  and 

The  Social  Sciences; 
wliile  (he  groups  of  applied  sciences  may  be  called: 

Tlie  Organic  Sciences, 

Tlie  Constructive  Scienoea,  and 

The  Economic  Sciences. 

In  what  follows  the  preceding  nomenclature  will  be  adopted. 

The  terming  of  engineering  the  "Constructive  Soieuce"  is  a  happy 
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conception,  for  enfpneering  in  truly  and  almost  exclusively  the  science 
of  const  ruction.  The  functions  of  the  en^ue«r  in  all  cases  either  are 
directly  constructive  or  tend  townrd  construction. 

The  engineer  has  ever  liitd  a  due  appreciation  of  all  the  sciencee;, 
imagination  to  aee  practical  possibilities  for  the  results  of  their 
findings,  and  the  commou-Dense  power  of  applying  tii«m  to  bis  own 
un. 

Pure  iFcicncc  (barring  perhaps  poUtioal  eoonomy)  ia  not  concerned 
nith  financial  matters,  and  its  devotees  often  look  down  with  lofty 
disdain  upon  everything  of  a  utilitarian  nature,  but  engineering  is 
certainly  the  science  most  directly  concerned  with  the  expenditiuv 
of  money,  Theengineer  is  the  practical  man  of  the  fanuly  of  scientists. 
While  he  is  eufficiently  well  informed  to  be  able  to  go  up  intothe 
clouds  occasionally  with  hin  hn;thn;n,  ho  is  always  judicious  and 
comes  to  earth  again.  In  all  hia  thoughta,  words,  and  acts  he  is 
primarily  utilitarioji.  It  is  true  that  he  bows  down  to  the  goddess  of 
mathematics,  but  he  always  worships  from  afar.  It  is  nut  to  bo 
denied  tba.t  mathematics  is  the  mainstay  of  engineering;  neverthe- 
leu  the  true  engineer  pursues  the  subject  only  so  far  as  it  is  of  prac- 
tical value,  while  the  matheniatician  seeks  new  laws  and  further 
development  of  the  science  in  the  abelract.  The  engineer  docs  not 
trouble  himself  to  con.iider  space  of  four  dimensions,  h«cauge  there 
are  too  many  things  for  him  to  do  in  the  three-dimension  space  in 
which  he  iivetj.  Non-Euclidian  geometry  is  burred  from  his  mind  for 
a  fuller  understanding  of  the  geometry  which  is  of  uue  to  ordinary 
mankind.  The  mathematician  demonstrates  that  the  triangle  is  the 
sole  pulygoual  figure  which  cannot  be  distorted,  while  the  engineer, 
recognizing  the  correctness  of  the  principle,  adopts  it  as  the  funda- 
mental, elementary  fnrm  for  his  trusses.  The  mathematician  endea- 
vors to  strelcli  his  tutaginntion  so  as  to  grasp  the  Infinite,  hut  the 
engineer  limits  hi^  Held  of  action  to  finit«,  tangible  matters. 

The  gtwiogist,  purely  studious,  points  out  what  lie  has  doduocd 
about  the  construction  of  the  earth;  but  the  engineer  makes  the  mine 

pay. 

The  chemiiit  disco\'crs  certain  facta  about  the  effects  of  different 
element))  in  alloys;  but  the  en^neer  works  out  and  specifies  a  new 
material  for  hie  structures.  Again,  the  chemist  learns  something 
about  the  action  of  clay  combined  with  carbonate  of  lime  when 
water  is  added,  and  from  this  di8co\-ery  the  eai^eer  detcnnines 
a  way  to  produce  hydraulic  cement. 

The  physicist  evolves  the  theory  of  the  expadsive  power  of  stfiam, 
and  the  engineer  ubcs  this  knowledge  in  the  development  of  the  Bteum 
engine.  Again,  the  phyacist  determines  by  both  theory  and  experi- 
ment the  laws  governing  the  preasure^  exerted  by  liquids,  and  the 
en^neer  applies  these  laws  to  the  construction  of  dams  and  sliipo. 
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The  botanist  with  his  microscope  studies  the  form  and  cotislnuy 
tioD  of  n-oods,  while  the  engineer  by  experimentation  devises  means 
to  pres(T\'c  hie  timber. 

The  biologist  points  to  bore  facta  that  he  hoa  discovered,  but 
tlie  engineer  gra£ps  them  and  utilizes  them  for  the  puriBcatiDn  of 
wntor-sHppliea. 

In  short,  the  aim  of  pure  science  is  discovery,  but  the  purpose  of 
en^Deering  ia  ui»efuln>e38. 

The  (lelvers  in  the  mysterious  laboratories,  the  mathematical 
gymnasts,  the  scholars  poring  over  musty  tomes  of  kuowledge, 
are  not  undorstood  by  the  work-a-day  world,  nor  do  they  under- 
stand it.  But  between  stands  the  engineer  with  keen  and  sym- 
pathetic appreciation  of  the  value  of  the  vork  of  the  one  and  a  ready  | 
undcrstundinR  of  th«  needs  and  requirements  of  the  other;  and  by 
hit*  power  of  adaptability  he  grasps  the  problems  presented,  take* 
from  tJie  investigators  that  abstract  results,  and  transforms  them 
into  practical  usefulness  for  the  world. 

The  work  of  the  engineer  usually  does  not  permit  him  to  make 
very  extenave  researches  or  important  scientific  discoveries;  nor 
Ik  it  oftcu  esseutial  to-day  for  hlai  to  do  so.  as  tbere  are  numerous 
investigators  in  all  lines  whose  object  is  to  deduce  ikbetraet  scien- 
tific facts;  nevertheletw  there  cornea  a  time  ocranonally  in  the  m 
career  of  every  successful  engineer  wheo  it  is  necessary  for  him  to 
make  investigations  more  or  less  abstract,  although  ultimately 
utilitarian;  consequently  it  behoo\t>N  en^neers  to  keep  in  touch  ■ 
with  the  methods  of  scientific  investigation,  in  order  that  they  may 
either  perform  desired  experiments  themselves,  or  instruct  truine<l 
investigators  how  to  perform  them.  ■ 

The  en^neer  muBt  be  more  or  less  a  genius  who  icveots  and  de- 
vises wnyn  nnd  mertns  of  applying  all  available  resources  to  the 
uses  of  mankind.  His  motto  is  "utility,"  and  his  every  thought 
and  act  must  be  to  employ  to  the  best  advantage  the  materials 
and  conditions  at  Iiaud.  To  Ite  able  to  aiTompliHh  thi.s  object  be 
must  be  thoroughly  familiar  with  all  useful  materials  and  their 
physical  properties  as  detennincd  by  the  investigations  of  the  pure 
iwieiilista. 

Many  well-known  principles  of  science  have  lain  unused  for  ages 
awaiting  the  practical  application  for  which  they  were  just  suited. 
The  power  of  steam  was  known  long  before  the  practical  mind  of 
Watt  utilized  it  in  the  steam  engine. 

The  enpneer  is  probably  an  evolution  of  the  artisan  rather  thaa 
of  the  early  seicotiet.  HJa  work  U  becoming  more  scientific  because' 
of  his  relations  and  associations  with  the  scientific  world.  These 
relations  of  the  engineer  to  the  sciences  are  of  comparnt  iwly  re- 
cent origin,  and  this  fact  accounts  for  the  rapid  development  in 
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the  engineering  snd  industrisl  world  of  the  past  half^enturv*.  The 
results  of  this  association  have  been  advantagcoua  to  lioih  the 
en^eer  and  llie  pure  scientist.  Tlie  demands  of  the  engineors  for 
new  discoveries  have  avtcd  as  on  incentive  for  greater  effort  oo 
the  part  of  the  investigators.  In  many  insitunccis  the  en^eer  ie 
years  in  advance  of  ttie  pui-e  scientist  in  these  denuuidB;  but,  on 
the  other  hand,  there  arc,  no  doubt,  many  vnluabic  scientiBe  foots 
now  avwlable  whicli  will  yet  work  wonders  when  the  engineer  per- 
ccivoB  their  practical  utility. 

The  engineer  develops  much  more  fully  the  faculty  of  discern- 
ment than  does  the  abstract  scientist,  he  is  less  vialonarj-  aud  more 
practical,  le««  exacting  and  more  commercial. 

It  is  essential  to  progress  that  large  stores  of  scientific  know- 
ledge in  the  abstract  be  accumulated  and  recorded  in  advance  by 
the  pure  isciontists,  so  that  as  the  engineer  encounters  the  neces- 
fflty  for  their  use  he  can  employ  them  to  the  best  advantage.  The 
en©neer  must  be  familiar  with  these  stores  of  useful  knowledge  in 
order  to  know  what  is  available.  This  forma  the  Bcieiilific  side  of 
the  engineer's  work.  Wliile  he  must  know  what  has  been  done  by 
investigators,  it  is  not  absolutely  necessary  that  he  know  how  to 
make  all  such  reeearehes  for  tumeelf;  although,  as  before  stated, 
there  are  timee  in  an  engineer's  practice  when  such  knowledge  will 
not  come  amiss. 

As  engineers  are  epccialiting  more  and  more,  each  particular 
specialty  becomes  more  closely  allied  with  the  sciences  that  most 
affect  it;  consequently,  to  insure  the  very  best  and  most  eeonomic 
results  in  his  work  the  engineer  must  keep  in  close  touch  with  all 
of  the  scientific  discovL'rics  in  his  line. 

The  early  enfrineer.'i,  owing  to  lack  of  scientific  knowledge,  took 
much  greater  chances  in  their  conalmctious  than  is  necessary  for 
up-to>date,  modem  engineers.  There  is  now  no  occasion  for  an 
engineer  to  muko  any  hszunlouti  experiments  in  his  structures, 
because  by  careful  study  of  scientific  records  he  can  render  bis  re- 
suits  certain. 

In  future  the  relations  between  engineers  and  the  pure  scientists 
will  be  even  closer  than  they  are  to-day,  for  aa  the  problems  con- 
fronted by  the  engineer  become  more  complex  and  comprehensive 
the  netewity  for  accurate  knowledge  will  increase. 

The  teclmical  training  now  given  erginecra  involves  a  great  deal 
of  the  purely  scientific;  and  it  is  evident  that  this  training  should 
be  so  complete  as  to  give  them  a  comprehensive  knowledge  of  all 
the  leading  sciences  that  affiliate  with  engineering.  Tliere  is  no 
other  profe»uon  that  requires  such  a  thorough  knowledge  of  na- 
ture and  her  laws. 

Of  all  the  various   divisions  and  subdivimons  of  the  sciences 
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here^bcFore  caumiTatod  aad  of  tboee  tabulated  id  the  Orgiuiis- 
ing  Committee's  "Programme,"  the  following  oulj'  are  associated 
at  all  closely  with  civil  eo^aearingi 

Mathematics. 

Geologj'. 

Petrology. 

Cliemislry, 

Physicfl. 

Mineralogy. 

Geography, 

vVstrunomy. 

Biology. 

Botauy. 

Political  EcoDOmy. 

JuriFjirutit'iKre. 

Education. 

EcoDomica. 

Atletitimi  ie  called  to  the  fact  that  this  lint  contains  a  Dumber 
of  divituoRS  from  the  fnur  mmn  groups  of  pure  aciencea,  viz.,  the 
mathematical,  physical,  phytaolog^cal,  and  social,  and  but  Ooe 
dividon  (economics)  from  the  three  groups  of  applied  scieooee, 
viz.,  the  orgunic,  coastructive,  and  economic.  The  rossoas  why 
BO  little  attention  is  to  be  given  to  the  relation  betn-een  civil  en^n- 
eoring  and  the  applied  sciences  arc,  first,  in  reepoct  to  organic 
science,  there  is  scarcely  any  relation  worth  iQcntioaing  bolwcen 
tlus  fu^ience  and  civil  eugitiecring,  and,  second,  because  the  inter- 
relations between  civil  eu^ccring  and  other  diviaons  of  coDStruct- 
ive  science  have  already  been  treated  in  this  address. 

Of  all  the  piu*e  scieneee  there  is  none  so  intimately  connected 
with  ci^il  engineenng  as  tiiBthematics.  It  is  not,  b$  most  kiymen 
BUppoee,  the  whole  eaeence  of  engineering,  but  it  is  the  engineer's 
principal  tool.  Because  technical  students  are  drilled  so  thoroughly 
in  mathenialic»  and  because  no  munh  otrees  is  laid  upon  the  study 
of  catcutuB.  it  is  conunonly  thought  that  the  higher  matheraaiics 
are  employed  conetantly  in  an  engineer's  practice;  but  as  a  matter 
of  fact,  the  only  branches  of  malhematica  Diut  a  (-onstructing  engili- 
ecr  employs  regularly  are  arithmetic,  geometry,  algrbro,  and  trig- 
onometry. In  some  lines  of  work  iognrithna  are  uaed  often,  and 
occasionally  in  establishing  a  formula  the  calculus  is  emploj-ed; 
but  the  engineer  in  active  practice  soon  pretty  nearly  forgets  what 
analytical  geometry  and  c&lculu.i  mean.  Aa  for  applied  roecbanice, 
which,  as  the  term  is  generally  understood,  ie  a  branch  of  mathe- 
matics (although  it  invoh-cs  also  phymcs  and  other  twiences).  the 
enpneer  onco  in  a  while  has  to  take  down  his  old  text-books  to 
look  up  some  principle  that  he  has  encountered  in  his  readmg  but 
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has  forgotten.  Strictly  Epeakisg,  though,  Biigin«ers  in  their  daily 
tasks  utilize  applied  mei'tianica,  almost  without  recognition;  for 
stresses,  moments,  enei^-,  moments  of  iacrtiui,  impact,  moiiicntunk., 
radii  of  j^ation,  etc.,  are  all  conceptions  of  applied  mechanics; 
Knd  these  are  terms  that  the  engineer  employs  constantly. 

There  are  some  branches  of  the  higher  mathcmutice  of  vrhich  »» 
yet  engineers  have  made  no  practioal  use,  and  prominent  among 
theee  is  qaateraioDS.  When  it  Qrst  appeared  the  cond^eneas  of  its 
reasoning  and  it«  numerous  short-cuts  to  rciitultM  gave  |>romii>e  of 
practical  usefulness  to  engineers,  but  thus  far  the  promieo  has  not 
been  fulfilled. 

Notf^nihstanding  the  fact  that  the  higher  mathematics  are  of  so 
little  use  to  the  practicing  eagineer,  this  is  uo  reason  why  their 
study  should  he  omitted  from  or  even  slighted  in  the  technical 
schools;  because  when  an  engineer  has  need  in  his  work  for  the 
higher  mathematics  he  needs  them  badly;  bcgidos,  the  mental 
training  that  their  ntudy  involves  is  ntmoet  a  necessity  for  an  en- 
gineer's professional  success. 

Geology  (with  its  allied  branch,  or  more  strictly  speaking  subdi- 
vision, petrology)  and  civil  engineering  arc  closely  allied.  Civil 
en^neers  sre  by  no  moans  so  well  versed  in  this  important  science 
•8  they  should  be.  This,  perhaps,  is  due  to  the  fact  that  the  in.'ttruo- 
tion  given  on  geologj-  iu  technical  schoole  is  mainly  from  books, 
hence  most  graduati-s  find  difBculty  in  naming  properly  the  ordin- 
ary 9tonefl  that  they  encounter,  and  are  unable  to  prognosrticate 
vith  reasonable  asmirtuice  conceming  n'hab  a  proposed  cutting 
contains. 

Geology  is  important  to  the  civil  enpneer  in  tunneling,  raih-oad- 
ing.  foundations,  mining,  water-supply,  and  many  other  lines  of 
work;  comwqueutly,  he  needs  to  receive  at  his  technical  school 
■  .thorough  course  in  the  subject  given  both  by  text-books  and  by 
field  instruction. 

A  knowledge  of  petrology  will  enable  the  engineer  to  determine 
readily  whether  building-stone  contains  iron  which  will  injure  ite 
appearance  on  exposure,  or  feldspar  which  wnll  disintegrate  rapidly 
nnder  the  action  of  the  weather  nr  of  acide  from  manufacturing 
establishments. 

Next  to  mathematics,  physics  is  undoubtedly  the  science  most 
essential  to  civil  engineering.  The  phydcist  discovers  and  fonn- 
ulates  the  laws  of  nature,  the  engineer  employs  them  in  "direct- 
ing the  sources  of  power  in  nature  for  the  use  and  convCTiience  of 
man."  The  forces  of  gravitjition,  adhesion,  and  cohesion;  the  press- 
lire,  comprefwihility,  and  expansibility  of  fluids  and  gases;  the 
laws  of  motion,  curvilinear,  rectilinear,  accelerated,  and  retarded; 
momentum;  work;  energy;  the  transformation  of  energy;  tUermo- 
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dynamics;  elcclricily;  the  laws  of  wave-motion;  the  reflection, 
refraction,  and  tranamissioD  of  light;  and  tb«  mass  of  other  data 
furnished  by  the  physicist  (orni  u  Iiitrc  portion  of  the  first  prin- 
ciples of  civil  engineering. 

The  function  of  applied  mechanics  is  to  cstjiblish  the  fundamental 
laws  of  physicH  in  tcmia  suitable  for  service,  and  to  demonstrate 
their  applicability  to  engineering  construction. 

Chemistry  is  n  science  that  caters  into  closer  relations  mth  civil 
engineering  than  doea  any  other  scieiice  except  mathematics  and 
phyacs,  and  us  the  manufacture  of  the  m&terials  of  eogineerijig 
approaches  pcrftictinn  the  importance  of  chcmistr)*  to  cn^oocni 
increaseB.  Within  a  comparatively  short  period  the  chemist  has 
made  it  possible  by  unulyzing  and  selecting  the  constitutents  to 
control  the  quality  of  cast-iron,  cast-steel,  rolled-ateel,  bronze,  brass, 
nickel-«teel,  and  other  alloys.  The  engineer  requires  certaia  phys- 
ical chiu'actcri6ttc&  in  his  materials,  and  obtains  tbem  by  limiting 
the  chemical  constituents  in  accord  nith  data  previously  furmahed 
by  the  chemist.  The  proper  manufacture  of  cement  requires  the 
combined  skill  and  knowledge  of  the  chemist  and  the  mechanical 
engineer. 

In  water-supply  the  chemist  is  called  in  to  detemune  the  char- 
acter and  amounts  of  llie  impurities  in  the  water  furnished  or  con- 
templated for  use.  The  recent  discovery  that  the  introduction  of 
about  one  part  of  sulphate  of  copper  in  a  million  parts  of  water 
will  effectively  dispose  of  the  alg«,  which  have  long  given  trouble, 
is  a  notable  instance  of  the  increa&ing  interdependence  of  these 
two  bnincheis  of  science,  as  is  also  the  fact  that  the  addition  to 
water  of  a  small  amount  of  alum  will  precipitate  the  earthy  matter 
held  in  suspension  without  leaving  in  it  any  appreciable  trace  of 
the  reagent. 

In  the  purification  of  water  and  sewage,  in  the  selection  of  iqv 
tcHals  wlii(;h  will  resist  the  action  of  acids  and  the  elements,  and  in 
the  manufacture  of  alloys  to  meet  various  requirements,  a  thorough 
knowledge  of  chemistry  is  ossentjal. 

A  knowledge  of  mineralogy  is  requisite  for  a  clear  tmderstand- 
iug  of  the  natiuv  of  many  materials  of  construotion,  but  is  other- 
wise of  only  general  interest  to  civil  engineers. 

Geography  in  ita  broad  sense  is  relate<!  to  civil  engineering  tn 
some  of  its  lines,  for  instance,  geodesy  and  surveying,  but  geo- 
erally  speaking  there  Is  not  much  connection  between  these  two 
branches  of  science. 

Astronomy  is  perhaps  more  nearly  related  to  civil  en^^eering 
than  is  geography,  although  it  is  so  related  in  exactly  the  same 
Hnee,  for  the  railroad  on^neer  on  a  long  survey  must  occancmally 
check  the  correctness  of  his  alignment  by  cbsen-ationa  of  Polaris, 
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and  the  coast  surveyor  locutcs  point  sby  obBcrvationB  of  the  heav- 
enly hodiea. 

Biology  is  allied  to  civil  engiueering  mainly  through  bacteriiv 
logy  as  applied  to  potsiblc  water,  the  treatment  of  sewage  to  pre- 
vent cont&minatioti  of  stroama,  &nd  the  eanitation  of  the  camp^ 
of  stin-eying  and  constniction  partiee.  The  treatment  of  sewage 
has  been  (pven  much  more  thorough  study  abroad  than  ia  this 
country,  but  the  importance  of  its  bearing  upon  life  in  the  large 
fitiee  of  America  in  becoming  better  understood;  consequently 
the  progressive  sanitary  eugiaeer  ahouJd  posiieas  a  thorough  know- 
ledge of  buctcriolog>'.  In  important  cases,  such  ae  an  epidemic  of 
typhoid  fever,  the  specialist  in  bacteriology  would  undoubtedly 
be  called  in;  but  a  large  portion  of  the  work  of  pre\'entiiig  or  eradi- 
cating b(u:teriol  diKCaxCs  will  fall  to  the  lot  of  the  sanitary  engineer. 

Botany  comes  in  touch  with  civil  engineering  mainly,  if  not  solely, 
in  the  study  of  the  various  woods  used  in  construction,  although 
it  is  a  fact  that  a  very  intimate  knowledge  of  this  pure  science 
aught  enable  a  railroad  enpneer  or  surveyor  to  determine  approx- 
imately the  characters  of  soils  from  plants  and  trees  growing  upon 
them.  A  knowledge  of  botany  is  of  no  great  value  to  the  civil  engin- 
eer, and  much  time  is  often  wasted  on  ita  study  in  technical  schools. 

Political  economy  is  a  science  that  at  first  thought  one  would 
be  likely  to  say  is  not  at  all  allied  to  civil  engineering;  but  if  he 
did  so,  he  would  be  mistaken,  because  political  economy  certainly 
includes  the  science  of  buaness  and  finance,  and  civil  engineering 
is  most  assuredly  a  business  as  well  as  a  profession;  besides,  the 
leading  engineers  usually  are  either  financiers  themselves  or  ad- 
viaera  to  financiers.  Great  enterprises  are  often  evolved,  studied, 
financed,  and  executed  by  en^neers.  How  important  it  is  then 
that  they  understand  the  principles  of  pohtical  economy,  eepe- 
ciftlly  in  its  relation  to  engineering  enterprisos.  It  is  only  of  late 
years  that  technical  students  have  received  much  instruction  in 
this  branch  of  social  ecience,  and  the  ordinary  technical  schuul  cur- 
riculum to-day  cert^nly  leavea  much  to  be  de^red  in  respect  to 
instruction  in  political  economy. 

Jurisprudouce  and  civil  engineering  are  closely  alUed,  in  that 
engineers  of  all  lines  must  understand  the  laws  of  business  and 
the  restrictions  that  are  likely  to  be  placed  upon  their  construc- 
tions by  municipal,  county,  state,  and  federal  laws.  While  most 
enpneering  schools  carry  in  their  lists  of  studios  the  "I^aws  of 
Business,"  very  few  of  them  devote  anything  hke  sufficient  atten- 
tion to  this  important  branch  of  science. 

Arc  the  sciences  of  civil  engineering  and  education  in  any  way 
allied?  Ay,  that  they  arel  and  far  more  than  mcst  people  think, 
for  there  is  do  profession  that  requires  as  much  education  aa  docs 
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civil  engineering.  Not  only  mvut  (he  would<be  engineer  study  the 
various  pure  and  applied  sciences  and  lesm  a  great  mass  of  tech- 
uical  facts;  but  he  must  als«  have  in  advance  of  all  this  instruction 
a  broad,  general  educatioa  —  the  broader  tbe  better,  provided 
that  no  time  bo  wasted  on  uselcEK  studies,  eucb  as  tbe  dead  lan- 
guages. 

The  science  of  education  is  so  important  a  subject  for  civil  en- 
gint'crs  that  all  tiiombcrs  of  the  profesaon  in  North  America,  more 
e»{>eoiBny  lliuse  of  >iigh  rank,  ought  to  lake  the  deepest  interest 
in  the  development  of  engineering  education,  primarily  by  join- 
ing the  iipccial  society  organiiscd  for  its  promotion,  and  uftcm-ards 
by  devoting  some  of  their  working  time  to  aid  this  society  in  ac- 
complishing its  most  praiseworthy  objects. 

The  science  of  economics  and  that  of  civil  engineering  arc,  or 
ought  l-o  be,  in  the  closest  posaible  touch;  for  true  economy  in 
design  and  cOBJrtruction  is  one  of  the  most,  important  features  of 
modern  engineering.  Everj*  liigh-clase  engineer  must  be  a  true 
oeouomiet  in  all  the  profesKonal  work  that  ho  does,  for  unleae  one 
be  such,  it  is  impossible  lo-day  for  him  lo  rise  above  mediocrity. 

True  economy  in  engineeringconHists  in  always  deigning  and  build- 
ing structures,  machines,  and  other  constnictiona  ao  that,  while  they 
will  perform  stttlsfatitorily  in  every  way  all  the  functions  for  which 
ihey  are  required,  the  sum  o(  their  first  cost  and  the  equivalent 
capitalized  cost  for  their  maintenance,  operation,  and  repairs  shall 
Ix;  a  minimum.  The  ordinarj-  notion  that  the  structure  or  machine 
which  is  least  in  first  cost  must  bu  the  most  economical  is  a  fallacy. 
In  fact,  in  many  ca.'we,  juet  the  opposite  is  true,  the  stnicture  or 
machine  involving  the  largeHt  first  cost  being  often  the  cheapest. 

Economics  as  a  scienfM>  should  be  taught  thoroughly  to  the  stu- 
dent, in  the  technical  srhool,  then  economy  in  all  his  early  work 
abould  be  drilled  into  him  by  his  auperiora  during  his  novitiate  in 
the  profession,  so  that  when  he  reaches  the  stage  where  ho  designs 
and  builds  independently,  his  constructions  will  invariably  be 
models  of  tnie  economy. 

It  hiiif  been  stated  that  the  relatinns  Wtween  civil  engineering 
and  many  of  the  pure  sciences  are  very  intimate,  that  the  various 
^tranches  iif  engineering,  although  becoming  constantly  more  and 
more  specialized,  ore  so  interdependent  and  so  closely  connected 
that  they  cannot  be  separated  in  important  const  ructions,  that 
the  more  data  the  pure  scienttsta  furnish  the  engineers  the  better 
it  is  for  both  parties,  and  that  a  broad,  general  knowledge  of  many 
of  the  seieneett.  both  pure  and  applied,  is  essential  to  great  succesf 
in  the  engineering  profession. 

Such  being  the  case,  tho  question  arises  as  to  what  can  be  done 
to  foster  a  still  closer  affiliation  between  euginocring  and  the  other 
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sdences,  and  how  engineers  of  all  branches  and  the  pure  scientists 
caii  best  be  brought  into  more  intimate  relations,  iu  order  to 
advance  the  development  of  the  pure  sciencoa,  imd  thus  benefit 
the  entire  world  by  increasing  the  knowledge  and  eflicienc}'  of  its 
engineers. 

One  of  the  most  effective  meuis  is  to  encourage  tho  creation  of 
such  congreeeeH  as  the  one  that  is  now  being  held,  and  to  organixe 
tbem  and  amuige  their  varioufi  meetings  so  as  to  secure  the  great- 
est pots^iblo  bcni-ficinl  reifults. 
B  Another  is  for  mich  societies  as  the  American  Association  for 
the  Advancement  of  Science  and  the  Society  for  the  Promotion  of 
En^neenng  Education  to  take  into  their  membership  engineers 
of  good  standing,  and  induce  thom  to  share  the  labors  and  reapon* 
nbiUtics  of  the  other  members. 

Conversely,  the  varioua  tecluiical  societies  should  associate  with 
theiQ  by  admission  to  some  dignified  grade  (other,  perhaps,  than 
that  of  full  member)  pure  scientists  of  liigh  rank  and  specialists  in 
other  branches  of  constructive  science,  and  should  do  their  best 
to  interest  »ucb  gentlemen  in  the  societies'  objectK  and  de\'elop- 
ment. 

A  lit'tf-cvidunt  and  most  cfTuctive  method  of  accomplishing  the 
desired  result  ia  to  improve  the  coursee  of  study  in  the  technleal 
Bchooig  in  every  posaiblo  way;  for  instance,  by  bringing  promi- 
nent scicntiatH  and  cngincors  to  lecture  to  the  students  and  to  tell 
them  just  how  scientific  and  profeeslonal  work  of  importance  is 
b«ng  done  throughout  the  world,  by  stimulating  thoir  ambition 
to  riec  in  their  chopen  professions,  by  teaching  them  to  love  their 
work  instead  of  looking  upon  it  as  a  necessar)-  evil,  and  by  offer- 
ing priies  and  distinctions  for  tho  evidence  of  superior  and  effect- 
ive mental  effort  on  the  part  of  both  students  and  practicing  en- 
gineers. 

There  has  lately  been  advanced  an  idea  which,  if  followed  out, 
would  aid  the  development  of  engineering  more  effectually  than 
any  other  possible  method,  and  incidentally  it  would  bring  into 
close  contact  scientists  in  all  brnnclics  related  directly  or  indirectly 
to  engineering.  It  is  the  establieliment  of  a  great  post-graduate 
school  of  engineering  in  which  should  be  taught  in  every  branch 
of  the  profession  the  most  advanced  subjects  of  all  existing  know- 
ledge that  is  of  renl.  practical  value,  the  instructors  being  chosen 
mainly  from  the  leading  enginconi  in  each  specialty,  rcgardlcas  of 
the  cost  of  their  services.  Such  specialists  would,  of  course,  bo  ex- 
pected to  gi\'e  to  this  teaching  only  a  few  weeks  per  annum,  and 
a  corps  of  regular  profcBSora  and  instructoni.  who  would  devote 
H  their  entire  tim«  and  cntTpes  to  the  interests  of  the  school,  would 
Hbe  required.    These  professors  and  instructors  should  be  the  best 
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that  the  countiy  poasesees,  and  the  ioducemeot^  of  salar)-  and  facil- 
ities for  iavcstigatioa  that  are  provided  eliuuld  be  such  that  ito 
technical  instructor  could  afford  to  refuse  lu:  offer  of  a  profeewr- 
ship  in  this  school. 

Ewry  modem  uppuratua  uceded  for  cither  iiiatniction  or  orig- 
inal investigation  should  be  furnished;  and  arrajigctmnits  ithould 
be  mad«  for  pravidiog  menns  to  carry  out  nil  importaot  technical 
iiivcflti|!^tioiie. 

It  should  be  the  duty  of  the  regular  faculty  to  make  a  ^>ecittl 
Ktudy  of  en^Qeeiing  titeruture  for  the  benefit  of  the  profeaaon; 
to  prepare  annual  indices  thereof;  to  put  into  book  form  the  gjst 
of  all  technical  writings  in  the  TramacticnB  of  the  vurious  engin- 
eering societies  and  in  the  technical  press  that  are  worthy  of  beio^ 
preserved  and  recorded  iii  this  way,  90  that  students  and  en^necr? 
shall  be  able  to  search  in  books  fur  all  the  data  they  need  instead 
of  in  the  back  Bles  of  periodicals;  to  translate  or  assist  in  the  trass- 
lalion  of  all  engineering  books  in  foreign  languages,  which,  in  the 
opinion  of  competent  experts,  wowld  prove  useful  to  engineers  or 
to  the  students  of  the  school;  and  to  edit  and  publish  a  periodical 
for  the  recording  of  the  results  of  all  Investigalions  of  value  niade 
tinder  the  auspices  of  the  institution. 

In  respect  to  wimt  might  be  accomplished  by  such  a  poet-grad- 
uate school  of  engineeritiR  the  following  quotation  is  made  from 
the  pamphlet  containing  the  address  in  which  the  project  wae 
advanced : * 

"The  advantages  to  \ye  gmned  by  attendance  at  such  a  post' 
graduate  school  as  the  one  advocated  are  almost  beyond  expm- 
Mon.  A  degree  from  mich  a  8chnol  would  alwaya  insure  rapid  soc- 
cesa  for  its  recipient.  PoaaiUy  for  two  or  throe  years  after  taking 
it  a  TOimg  engineer  would  have  less  earning  capacity  than  his  claas- 
Diates  of  equal  ability  from  the  lower  lechiiicaJ  school,  who  had 
gone  directly  into  actual  practice.  However.  \a  five  years  he  cer- 
tainly would  have  •turpasst^d  them,  and  in  less  than  ten  years  be 
would  be  a  recogniiied  authority,  while  the  majority  of  the  otben 
would  be  forming  the  rank  and  file  of  the  profcsiQon,  with  noae 
of  them  approaching  at  all  closely  in  reputation  the  more  lugfaly 
educated  engineer. 

"But  if  the  advantages  of  the  proposed  school  to  the  individual 
are  eo  great,  how  much  greater  would  be  its  advantAeBS  ^f*  *^^ 
engineering  profewaon  and  to  the  entire  natioa.  .liftcr  a  few  years 
of  its  existence  there  would  he  scattered  thrtmghout  the  country 
a  number  of  eneneera  more  highly  trained  in  the  arts  and  sdences 
than  any  technical  men  who  have  ever  lived;    and  it  certainly 

'  HighcT  Kducalion  for  Ci^^l  Enffinpers:  on  Addrcn  tothi- EnKinM-HngSodrty 
of  Uk.  University  of  Nt^br««ka,  AprU  8.  IfltW,  by  J.  A.  L.  WiuldcU.  D.Sc..  LL-D- 
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rould  not  take  long  to  make  apparent  the  inipraes  of  their  indi- 
viduality and  knowledge  upon  tlie  development  of  civil  engineer- 
ing in  all  its  branc^lies,  with  a  resulting  betterment  to  all  kiiida  of 
constructions  nod  the  evolution  of  mauy  new  and  important  types. 
"Wien  one  conaidens  that  the  true  progress  of  the  entire  dvil- 
ised  world  ia  due  almost  entirely  to  the  work  of  its  engineers,  the 
importance  of  providing  the  engineering  profession  with  the  highest 
poedble  education  iu  both  theoretical  and  practical  lines  cannot 
,b«  exaggerated. 

"What  gre&ter  or  more  worthy  use  for  his  accumulated  wealth 
auld  an  American  multi-mil tiouaire  conceive  than  the  endowment 
sd  eetftbtishment  of  a  post-grikduate  school  of  civil  engineering." 
Another  extremely  practical  and  effective  means  for  affiliating 
^,tt^nceriQg  and  the  other  sciences  ia  for  engmeers  and  pro- 
of boili  pure  science  and  technics  to  establish  ibe  custom 
of  associatuig  themselvee  for  the  purpose  of  solving  problems  that 
orcur  in  the  en^neers'  practice.  Funds  should  be  made  available 
by  milliotiaires  and  the  richer  institutions  of  learning  for  the  pro- 
Kcution  of  sticfa  in  vest igal  ions. 

Another  poKBiblc  (but  in  the  past  not  always  a  successful)  method 
is  the  appointment  by  technical  eotieties  of  special  committees 
to  investigate  important  questions.  The  main  trouble  experienced 
by  such  committees  has  been  the  lack  of  funds  for  carrying  out  the 
DecesBOry  inveatigationH ,  imd  the  fact  that  in  nearly  every  cast; 
the  members  of  the  committees  were  unpaid  except  by  the  punHible 
honor  and  glory  resulting  from  a  satisfactory  conclu^oa  of  their 
work. 

I  F^aJly,  an  ideal  but  still  practicable  means  is  the  evolution  of 
a  high  standard  of  profesunonal  ethics,  applicable  to  all  branches 
of  engineering,  ai]d  governing  the  relations  of  engineers  to  each 
other,  to  their  follow  workers  in  the  allied  sciences,  and  to  mnn- 
tind  in  general. 

As  au  example  of  what  may  be  accomplished  by  an  alliaooe  of 
engineering  and  the  pure  sciences,  the  construction  of  the  proposed 
Panama  Canal  might  be  mentioned.  Some  years  ago  the  French 
attempted  to  build  tliis  waterway  and  failed,  largely  on  accoimt 
of  the  deadly  fevers  which  attacked  the  workmen.  It  is  said  that 
at  times  llie  aiuiual  death-rate  on  the  work  ran  as  high  as  six  hun- 
dred per  thousand.  Since  the  efforts  of  the  French  on  the  project 
practically  ceaaed,  the  sciences  of  medicine  and  biology  have  dia- 
covered  how  to  combot  with  good  chances  for  success  the  fatal 
malarial  and  yellow  fevers,  as  woe  instanced  by  the  success  of  the 
Americans  in  dealing  with  these  scourges  in  the  dty  of  Havana 
after  the  conctusion  of  the  Spanish-American  war. 
The  success  of  the  American  en^neere  in  consummating  thv 
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greet  enterprise  of  excavating  &  navigable  cbaonel  between  the 
Atlantic  and  Pacific  oceans  (and  concerning  tb«r  ultimate  auc- 
ce-ss  there  is  almost  ni>  re»sonabl«  doubt)  will  depend  largely  upon 
tlie  assLstaoce  tbey  receix'e  from  medical  science  and  its  allied 
seienvee,  such  as  hygiene,  bacteriology,  and  cbemifltry. 

Geolopcal  science  will  a3.su  pluy  an  important  part  in  the  de- 
»gn  and  building  of  m&uy  portions  of  this  great  work,  for  a  com- 
prehensi  ve  and  correct  knowledge  of  the  geology  of  the  Isthmus  will 
prevent  the  making  of  many  costly  mistakes,  simiUir  U)  those  that 
resulted  from  the  last  attempt  to  connect  the  two  oceans. 

Again,  the  handling  of  this  v&at  enterprise  wilt  involve  from  start 
tu  finish  and  lo  an  eminent  degree  the  science  of  economics.  That 
this  science  nill  be  utilised  to  the  utmost  throughout  the  entire 
work  19  assured  by  the  character  and  professional  reputation  of 
both  the  Cliief  Engineer  and  the  members  of  the  Comtniasion. 

Notwithstujiding,  though,  the  great  precautions  and  high  hopes 
for  a  speedy  and  fortunate  conclusion  of  the  enterj^riiie  u-ith  which 
bU  coucemed  are  starting  out,  many  unanticipated  dif&culties  are 
very  certain  to  be  encountered,  and  many  valuable  lives  ore  likely 
to  be  expended  on  the  Isthmus  before  the  first  steamer  passes 
through  the  completed  canal.  Etigioeering  work  in  tropical  coun- 
tries always  costs  much  more  and  takes  much  longer  to  occom- 
{ilish  than  is  at  first  luticipated;  and  disease,  in  spite  of  all  pre- 
cautions, iR  very  certain  to  demand  and  receive  its  toll  from  those 
whp  rashly  and  fearleaaiy  face  it  on  construction  works  in  the  tierm 
calicvte.  But  with  American  cnginccrB  in  charge,  and  with  the 
finances  of  the  American  Government  behind  the  project,  sueoen 
is  pnicticatly  assured  in  advance. 

What  the  future  of  civil  engineering  is  to  be,  who  can  say?  If  it 
continues  to  advance  as  of  late  by  almost  f^eometrical  progreeaon, 
the  mind  of  man  can  hardly  conceive  what  it  will  become  in  fifty 
years  more.  Every  valuable  scientific  di.'<oovery  is  cCrtuinly  g<NQg 
to  be  grasped  quickly  by  the  englneorB  and  put  to  practical  use 
by  thcra  for  the  benefit  of  mankind,  and  it  is  only  by  thdr  clcae 
association  with  the  pure  scientists  that  the  greatest  possible  devd- 
opment  of  the  world  can  be  attained. 


f 


f 


I 


i 


THE  PRESENT  PROBLEMS  OF  TECHNOLOGY 


I 

I 
I 

I 


BT  LEWIS  mmLBSBBBO   HADPT 

PawIb  HutUenberc  Haupl.  CVinsiilting,  Gril,  mid  Maritime  Engiiioer,  PUbdd- 
phlK.  PrLiiis)'Ivama.  b.  GvttvHbuiK,  Pens«ylvamii.  M&rcli  21,  1H44.  OraduAte, 
United  Sutaa  MililBn'  Acadcmv,  Rcdiffiwd  ISttt.  iiJS.  University  of  Pcnn- 
sylv&niA;  EnKinpcr  Falrmount  t^ark,  PluUclelpliiB.  1S60-T2;  Ajwiiitiuit  Exam- 
iner L'liitoJ  tftuU'i-  PiilfDl  Ollkv,  April  lo  September,  1872;  Pn>f«Mor  of  Civil 
Kngtnecrlng.  University  of  PcunsylvaiUA,  1872-V3:  A^aistoDt,  United  Stst«a 
Lggnt  BouM  SfTvico,  1S74:  in  charev  of  Gixiii<«y  of  Fi-anaylvaDia,  1S75;  Sm- 
ntanrof  Buiwu  of  .\wmra9.  rhitndclpluEt  CcntcoiuAl  blxpositicn,  IStO;  roont- 
ber  of  Niwicu  and  IslltniiaQ  Cena]  CoininiMionn,  1^97-1901.  Han  nrcvivcd 
nunjr motlaJs  und  jkWimlB  far discovcric*  in  ;i|n-Ni(-til  hyclracnphv  and  liarli«)r 
improvRin^Dta.  HcmU'r  of  Fnuiklin  Iimtitiil'!;  PcniiHylviinia  Biatorical  So- 
eiety :  Inatituto  of  Mining  Engineere;  Enginncia'  Club  of  PliiladelpliiA;  Amer- 
icftn  PhllbW)[>liJcalSooi(^tv:  Auieriran  AaaooiAtiou  for  AdvBU«.'iuifnt  of  t^iunee; 
Americiin  Society  of  Civil  Eueini-orB;  Ovogruplilml  Society  of  PliilBdi-li)lii&; 
XAtional  <f«oraikphic  Society,  Author  o(  Workt'ijj  Dratn-Oj/t;  Eng%nf*rmg  Spte*- 
ficatiotu  andConJraeU;  The  Tooiigmpfter;  Thr  American  Kngiruerin^  luyiMtcr; 
A  Move  fffr  Hitter  Hoadi :  and  DuinerDUa  reports  and  apecial  pomphlela  on 
traaaportatioQ  and  eugintoriiig  topicn.j 

Standing  in  the  eLintow  of  the  centuiy  which  this  grefttcBt 
of  expositions  signali;(«Fi,  it  i9  fitting  that  one  should  condder  its 
fruition,  bb  typified  in  ihese  exhibits,  and  also  indulge  in  a  fore- 
cast of  the  magnificOTit  poesibilitics  which  they  portend. 

Amongst  the  varied  subjectH  usaigned  for  the  conaderation  of 
this  distinguished  international  Congress,  that  of  "Present  Pro 
blems"  would  seem,  from  its  title,  to  be  restricted  to  the  existing 
Btfltus  of  civil  oneineoring;  yet  it  is  ho  intimately  related  to  both 
history  and  prophecy  ae  to  involve  a  brief  reference  to  its  past  evo- 
lution and  its  future  potentialities. 

This  is  the  more  evident  when  it  is  conadered  that  the  present 
is  but  an  infinitesimul  link  between  the  two  infinities,  past  and 
future;  the  former,  being  the  rtorehoutw  of  modelft,  tools,  and  cx- 
perienees;  the  latter,  the  grcnt  laboratory  of  psycholo^cal  possi- 
bilities, rendered  attainable  only  through  the  application  of  pre- 
sent activities, 

Whenewr  the  cun*e  of  progress '  in  any  art  or  science  may  be 
traced  from  sufficiently  exact  data,  its  preaent  status  becomes  at 
once  known  and  its  prospective  posabillties  may  be  predicted 
within  reasonable  limits  of  certainty,  under  similar  conditions. 

It  ie  by  such  graphical  records  of  quantitative  events  that  the 
composite  resultB  of  bi^toiT,-  arc  most  clearly  projected  for«'nr<l 
into  the  domain  of  aeeurate  preiMctions.  The  grandest  problem  of 
the  present  ie  to  portray  definitely  that  curve  of  progress  which 
will  point  the  way  most  surely  for  succeeding  generations. 

'  S«e  SdcnHp:  Rtttarch,  by  Dr.  R.  H.  ThursUm,  Scima,  toI.  xvi,  1002. 


572 


Cmi  ENGINEERING 


To  this  end  it  is  important  that  all  of  the  element*  which  deter- 
mine its  locuf  !;hould  be  duly  ^rcighod  nnd  coordinated,  »ncc  the 
resultant  law  and  prediction  must  d^i^end  upon  the  accuracy  of, 
aod  the  interpretation  placed  upon,  the  available  data  used  in  the 
compil&tion. 

Some  of  Ihe  physical  elements  are  reasonably  well  understood 
with  reference  to  the  la^s  governing  their  action,  such  as  universal 
and  terrestrial  gra^'itation;  the  relations  of  thermic  and  dj-nsmic, 
chemical  and  electric  enerpes;  tlie  conservation  of  forcB,  or  the 
mutations  of  matter  and  the  like;  but  who  can  fathom  the  basic 
principles  underlying  al)  physical  acfix'itiea  and  trace  the  origin  of 
all  energies  as  revealed  in  the  life  of  organic  bodies? 

In  the  language  of  our  lamented  and  distinguished  physicist. 
Dr.  R.  H.Thurston: 

"All  life  and  movement,  whether  of  man,  animal,  vegetaUo, 
seasons,  suns  and  planets,  arts,  commerce,  civilization,  intellectual, 
moral  or  physical  worlds,  depend  upon  traasformattonB  of  preexist 
ing  energy.  ...  We  have  learned  to  compute  the  velocity, 
refraction  and  reflection  of  light,  but  we  still  know  Uttle  of  its  exact 
character  as  itiotion  of  molcculvs. 

"We  know  the  related  form,  heat-energy,  in  its  semdble  effects; 
but  we  art  still  unable  to  differentiate  the  one  from  the  other.  .  . 
We  cnn  produce  and  utilize  electricity  in  many  ways,  but  we  do 
not  even  know  what  it  is  or  how  its  transformations  from  other 
enei^ce  arc  effected.  We  work  with  these  three  forms  of  power, 
btit  we  do  not  know  what  is  the  nature  of  the  substance  through 
which  they  act  to  produce  their  beautiful,  marvelous,  worid-im- 
pelling  effects."    He  adds  in  substance: 

The  chemist,  by  aitalyss,  can  determine  the  composition  of 
compounds,  but  he  has  only  recently  discovered  that  bis  theoret- 
ical basic  atom  can  be  atomized.  The  phynicist  finds  in  the  spec- 
troscopic Unes  a  strange  language  of  which  be  lacks  the  key.  He 
can  isolate  the  phosphorus  of  steel,  but  cannot  produce  that  of  the 
glow-worm  or  the  firefly.  Tiic  analyst  can  separate  organic  mat- 
ter into  its  elements,  but  he  cannot  by  syntbcus  leconatruot  the 
flt.orage  batteries  of  brain  and  spine  nor  the  subtle  alchemy  of  the 
bee,  which  converts  the  nectar  of  the  rose  into  its  sublimated  honey, 
nor  the  vegetable  \'ordure  of  the  field  into  the  life-giving,  lacteal 
pabulum  of  the  mammal  for  the  sustenance  of  its  offspring. 

The  astronomer  has  unraveled  the  laws  of  the  motiona  of  the 
celestial  bodies,  but  be  is  unable  to  deicnninc  their  duration,  origin, 
or  destiny.  His  little  span  of  life  is  all  too  brief  to  enable  him  to 
reveal  the  secrets  of  their  Maker. 

The  geologist  probes  the  bowels  of  the  corth,  from  Ite  loftiest  to 
its  lorlieet  depths,  but  fails  to  ascertain  its  age  or  longevity  or  to 
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etate  whether  it  ahal).  endure  for  a  million  years  or  perish  in  a 
season. 

The  biolof^st  has  yet  to  leani  the  mysteries  of  life  in  plant  and 
aniinal  and  has  not  even  unraveled  the  secret  of  sex  in  generation. 
I       He  studies  the  naechanism  of  the  fiah,  but  cannot  explain  the  pro- 

tcess  of  separu-tiog  the  oxygen  from  the  medium  in  which  it  moves; 
BO  likenise  he  may  understand  the  structure  and  mechanism  of  the 
bird,  bul  fails  to  leara  the  mysteriouB  power  whereby  it  eoare  aloft, 
and,  perceiving  its  prey  from  Jifiir,  captures  it. 
The  anatomist  may  know  to  an  ounce  the  power  developed  in 
an  animal  per  pound  of  muscle,  but  he  cannot  say  how  that  power 
I  is  originiitcd,  triiniiferred ,  or  exerted  by  the  transnuttiug  thread  of 
Ihe  working  mueeles.  Our  authority  concludes: 
"The  engineer  has  Iramed  how  to  convert  the  potential  energy 
of  perhaps  a  myriad  ages  into  steam  and  to  apply  it  to  the  dynam- 
ics of  the  factory  or  locomotive,  but  in  doing  so  he  wastes  from 
four  fifths  to  nine  tenths  of  it.  He  transforms  the  elastic  force 
I  into  an  electric  current,  hut  frequently  loaes  as  much  as  he  applies 
j  at  the  tool's  edge.  He  diverts  the  energy  of  the  waterfall  into  an 
I  electric-light  current  with  its  concomitant  heat-rays,  while  the  glow- 
^^  worm  shames  the  man,  producing  light  without  heat  and  heat 
H  without  light. 

t  "He  crowds  his  fellow  man  into  mills  and  factories,  but  he  has 

not  yet  solved  the  social  problem  of  giving  to  each  an  individual 
.  life,  work,  and  wage,  with  comfort,  health,  and  happiness  in  just 
I      proportion." 

',  Thus  the  man  of  science  finds  that  the  acquisition  of  learning, 

gain  in  knowledge,  and  increasing  appreciation  of  the  wonders  of 
creation,  only  serve  to  impress  upon  him  the  greatest  responaibiU- 
tiee,  possibilities  and  opportunities  aa  well  as  the  mightier  niystcriea 
of  its  Maker,  stimulating  him  to  nobler  a.<ipirHtiona,  more  earnest 
labor  and  higher  aims  and  giving  him  a  larger  faith  and  a  stronger 
^^  sense  of  the  infinitude  of  duty  and  opportunity, 
H      In  short,  no  more  sublime  arraignment  of  the  impotency  of  man 
"  to  solve  the  ever  present  problems  of  his  existence  and  necessities, 
in  the  most  economic  manner,  can  bo  found  than  that  recorded  in 
the  closing  chapters  of  the  Book  of  Job,  wherein  the  Lord  charges 
him  with  "darkening  counsel  by  words  without  knowledge"  and 
proceeds  to  catechiie  him  ag  to  the  origin  of  the  world  and  its  phe- 
nomena, in  a  manner  so  profoundly  majestic  that   most  of  the 
queries  remain  unansv^■e^ed  even  unto  this  day. 

These  same   interrogatories  therefore  constitute  a  catalogue  of 
I       prceoot  problems  in  all  departments  of  science,  and  their  solution 
can  best  he  appmuched  only  by  a  closer  communion  with  the  orani- 
BcieDt  Source  of  ail  Wisdom. 


S74 


CrVIL   ENGINEERING 


Most  of  (he  greiit  inventions  and  discoveries  which  hnv©  en- 
nobled and  advanced  civilization  have  come  from  inspiration  and 
deep  reseRFch,  prompted  by  the  exigencies  of  time  and  place,  yet 
hul  few  efforts  ha\'e  been  wholly  tucceesfut,  for,  as  the  poets  have 
said: 

"  God  hiith  appointed  vrudom  the  reward  of  study! 
'Tisk'well  of  living  waters, 
Whose  inexbaiuljble  Ixiimiiefl  all  might  diink. 
But  few  dig  de«p  enough." 

Yet  lot  no  one  fear  that  the  field  of  nsoarch  in  any  of  tho  mental 
or  phy^cal  Bciences  mil  ever  become  exhausted,  for  the  Source  i» 
infinite, 

If  all  the  wisdom  of  all  the  sages  of  mankind,  in  all  ages  from  the 
foimdation  of  the  world;  wcrp  summed  into  a  scriea  and  integrated 
between  the  limits  of  aero  and  infinity,  they  could  not  compass  the 
unfathomable  resources  of  the  Almightv-  "Can  man  by  se&rchinf; 
find  out  God  ?  " 

Td  solve  tlie  problems  confronting  the  present  generatioa,  it  is 
fundamental  that  the  laws  and  properties  governing  mind  and 
matter  be  more  fully  understood  and  Iwtler  applied. 

Much  energy  is  wasted  and  many  failures  follow  from  the  crude 
and  inexijericnccd  methods  adopted,  which  too  often  vioUte  the 
laws  of  nature  and  leave  but  a  wreck  to  tell  the  story;  for  "few 
dig  deep  enough." 

Some  of  thceo  laws  arc  so  occult  that  man  has  not  >'©t  wholly 
unraveled  their  mysteries.  Has  nni  the  \i"i.'<est  of  kings  admitted: 
"There  be  three  things  which  arc  too  wonderful  for  me,  yea,  four 
which  1  know  not :  The  way  of  an  eagle  in  the  air;  the  way  of  a 
serpent  upon  a  rock;  the  way  of  a  ship  in  the  midst  of  the  tea; 
and  the  way  of  a  man  with  a  maid." 

And  do  not  these  four  thingB  Involve  all  the  elements  of  the  tech- 
nological problem  embodied  in  the  transportation  question  of  to- 
day? aeronauLic.t.  dynamics,  navigation,  and  psychology,  —  trans- 
portation in  the  three  media  of  ajr,  water,  and  land,  as  well  as  such 
mental  conceptions  of  their  conditions  and  requirements  as  shall 
render  them  all  equally  available;  which  slate  man  has  not  y«t 
attained  unto,  There  is  therefore  a  large  sphere  still  open  in  this 
field  for  future  research. 

It  will  be  the  main  purpose  of  the  writer,  therefore,  to  outline 
the  elements  wliioh  must  be  foctised  upon  this  particular  phase 
of  economic  iriuisportatiun,  having  in  view  the  attainment  of  the 
best  results. 

This  attainment  is  conditioned  upon  Bomething  more  thao  the 
fundamental  conception  of  the  ideal  or  its  mere  graphical  expres- 
sion in  the  formal  technology  of  the  shop  or  the  patent  office.   Its 
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rpmotical  fulfillment  neceseitatoe  a  large  accumuUtion  ot  me&ns, 
men,  and  materiiils,  and  their  intolUgcnt  coordinntion  in  certaJn 
pieftiranged  sequences,  at  definite  times  and  under  favorable  co- 
vironmenls.  Moreover,  it  is  essential  that  all  of  these  factors  should 
work  together  hurmoniouHly  under  a  single  conlmllinK  head,  im- 
pelled by  an  earnest,  zealous,  generous,  and  humane  deitire  to  secure 
the  beet  ofFovtB.  But  it,  unfortunately,  too  frequently  happens  that 
vested  intcreeta,  jealouKy,  ij^orance,  cupidity,  consenuliKoi,  strikes, 
,  and  phyttieal  obstacles  conspire  to  delay  or  defeat  the  best-laid  plans. 

It  becomes  the  part  of  wisdom,  therefore,  to  consider  both  sides 
of  the  equation  before  cmbarldnfi  i>n  miy  extenaive  innovation,  in 
the  nature  of  works  affecting  large  inteiegts,  however  beneficiatly. 

The  successive  stages  which  mark  the  progress  nf  great  enter- 
'  priaea  in»y  be  conveniently  formulated  into  a  General  Law  of  their 
DgiMiopmetU,  of  which  the  first  step  is  aiiiccUional. 

It  is  opposed  by 

(1)  Ignorance,  on  the  part  of  the  pubb'c  as  to  its  ptaaUUtiu; 

{2)  Indifference,  as  to  ita  economicB,  after  they  have  been  stated; 

(3)  Intrtdulity  as  to  its  feasibility,  or  utility  before  demonstra- 
tion. 

The  aecond  step  enters  the  forensic  arena  where  efforts  to  secure 
authority  from  legiBlative  bodies  are  met  by 
■     (4)  Argument  which,  failing  to  convince,  leads  to 

(6)  Bribery,  instigated  by  vested  rights  or  cupidity,  and 

(6)  Patronage,  withdrawn  aa  a  puniehmont  to  the  offenders,  or 
hgnnted  as  a  rewnrd  for  opposition.    But  should  the  project  out- 

Ivt  th,t»$  allied  enemies  and  enter  the  third  phase  of  active  con- 
struction, the  opponents  then  have  recourse  to 

(7)  Vioience,  by  use  of  phy.<tical  obstacles  or  force  to  obstruct 
the  works; 

(8)  Pertecution,  leading  to  an  impugnment  of  the  motives,  ebar^ 
acter,  and  credit  of  the  parties  at  interest; 

(9)  Murder,  either  by  premature  death  from  excessive  futile,  un- 
requited efforts  or  by  actual  assaasination  or  war,  to  remove  the 
guiding  spirits  of  great  movements' and  thus  debar  their  conaum- 
mation. 

These  psychological  phases  being  outlived  and  the  physical  forces 
being  overcome,  the  way  to  success  is  at  length  assured.  The  former 
elements  tire  not  so  often  taken  into  the  accyunt  jis  the  latter,  yet 
they  are  frequently  the  most  subtle,  uncompronruBing,  and  intang- 
ible. Underneath  many  of  the  great  achievements  of  the  world,  in 
the  arts  of  poace,  there  lies  buried  a  romance  of  heroic  endurance, 
self-abnegation,  and  masterful  resource,  intensely  realistic,  which 
would  put  the  pages  of  fiction  to  shame,  were  they  made  public. 
Truly,  "Peace  hath  her  victories  no  lew  renowned  than  war." 
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Wliilst  the  above  reflections  may  appear  to  be  merely  "jitter- 
ing generalities"  tbey  arc  in  fact  fundamental  requirements  in  the 
successful  execution  of  great  projects,  since,  however  thoroughly 
an  inventor  may  have  convinced  himself  of  the  great  practical 
economy  of  his  theoiy,  he  cannot  point  to  his  demonstration  M  a 
baas  for  public  coufidooce  and  the  uoderwriting  of  his  conceptions, 
until  he  haii  iMtabtishod  his  prcccdtuit;  and,  on  the  other  hand,  it  is 
impracticable  to  establish  his  clalma  by  actual  works,  until  he  has 
secured  his  capital  and  authority.  Espeeially  is  this  true  of  great 
improvements  involving  governmental  jurisdiction,  where  the  per- 
sonnel and  responsibility  for  appropriations  are  constantly  shifting, 
and  trained  experts  arc  not  permiuiently  available  in  the  conduct 
of  the  works.  Although  this  is  a  problem  of  go\-emaicnt,  it  is  inti- 
mately related  to  the  questions  at  issue,  viz.,  the  work  of  the  civil 
engineer  in  providing  the  way  for  the  safe,  rapid,  and  economical 
distribution  of  the  products  of  the  earth  for  the  benefit  of  mankind. 
Works  of  this  class,  requiring  the  opening  uf  lines  of  least  reastance 
between  cUstant  cwitres,  are  impracticable  without  the  exercise  of 
the  rights  of  eminent  domain,  accompanied  by  the  acetimulation 
of  large  amounts  of  capital  and  the  control  of  labor  whereby  the 
phyaical  rcwstancea  to  traffic  may  be  reduced  to  a  minimum. 

Of  the  three  elements,  earth,  water,  and  air,  the  first  oflers  the 
greatesi  resistance  becau.se  of  its  density  and  the  irregulnrity  of  its  • 
surface.  It  has  therefore  been  the  crucial  problem  of  all  ages  90  to 
modify  it  that  "every  valley  shall  he  exalted  and  every  mountain 
and  bill  shall  be  made  low,  and  the  crooked  shall  be  made  etnugbt 
and  the  rough  places  pljun,"  thata  highway  might  be  there,  over 
which  the  peaceful  revolutions  of  the  wheels  of  commerce  might 
cement  the  nations  of  the  earth  and  distribute  its  products.  But 
whilst  history  testifies  to  the  excellence  in  alignment,  grades,  and 
duraiiility  of  some  of  the  ancient  ronds,  it  falls  to  record  any  evi> 
dences  of  such  magnificent  avenues  of  trade  as  have  been  devel- 
oped within  the  space  of  a  «ng1e  life  in  the  railways  crastructed 
during  the  past  century. 

These  n-«re  unknown  and  impossible  prior  to  1825,  since  the 
Mate  of  the  mechanic  arts  did  not  furnish  materials  in  sufficient 
quantity  and  quality  to  permit  of  such  const  ructions .  Tlie  demand, 
however,  created  the  supply,  the  storvhuuECs  of  the  earth  yielded 
an  abundance  of  the  raw  materials,  the  railways  and  waterways 
assembled  them  at  convenient  centres  of  industry',  the  melallurg* 
let  and  chemist  refined  and  reduced  them  to  improve  ther  quality 
and  dumblHty,*  the  mechanical  and  eleotrical  engineers  developed 
new  machinery  for  increa^og  the  output  at  reduced  cost ,  and  thus 
supplied  the  markets  with  structural  matcriala  for  roads,  tmd^, 
and  buildings  far  beyond  any  possible  conception  of  even  BSty 
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years  ago.  Thon,  steel  rails  were  unknnn-n  and  the  durability  of 
Ihe  wrouglit-iron  mile,  which  had  supplajileil  those  of  cttst-imn,  was 
limited  in  some  instances  bo  a  few  months  only,  but  at  thitt  critical 
period  the  iiivontion  of  the  IteBsenier  pneumatic  process,  followed 
by  Gilchriet,  Siemens-Marten,  and  others,  supplied  aii  urgent  ncces- 
rity  as  to  quality;  the  various  inventions  of  Gforge  and  John  Fritx, 
Alnxartder  Holley,  William  R.  Jones,  N'asmyth,  Nobel,  Knipp,  and 
many  others  met  the  (iemaiids  for  quantity,  while  the  dcveh)i)- 
ment  of  coinmcrciftl  cbanneU  and  establishment  of  improved  plants 
at  strategic  points  has  reduced  the  cost  and  increased  the  output  to 
such  &D  extent  that  there  is  no  retardation  as  yet  ^'isible  in  the  cur\'e 
of  progress  so  far  aa  the  quantity  iit  concerned.  The  lavt  E»cul  year 
(1902)  shows  an  increment  of  9626  milos  of  railroad  m  the  country 
whichexceedsthat  of  any  year  since  ISyo.Ho  that  the  demand  forcon- 
Btruction  material  coTititiues  to  be  one  of  the  problems  of  the  present. 

Especially  is  this  the  case  with  wooden  cross-ties  having  a  life 
of  only  from  seven  to  ten  years.  They  require  frequent  renewals  at 
the  expense  of  our  hard-wood  foreats,  with  incidental  injury  to  the 
entire  country  from  denudation.,  catiung  rapid  eroaJon  of  uplands, 
flrnds.  and  barren  wastes.  Therefore  the  recently  estobhshed  policy 
of  irrigation  and  reforestation  has  eome  none  too  soon  to  check  the 
Is  <rf  the  wholesale  slaughter  of  our  forests. 

The  increasing  paucity  of  timber  and  the  greater  Htrengtli,  ilur- 
Sty,  and  economy  of  the  metals  have  led  to  their  rapid  substi- 
tution for  the  vegetable  fibers,  in  most  of  the  engineering  Btnic- 
tures,  but  the  tendency  is  now  returning  strongly  to  the  use  of  stone, 
brick,  or  concrete  wherever  they  are  practicable  and  avnJIuble,  as 
the  best  material  for  biidges  and  buildings.  Where  they  cannot 
be  secured,  ailificial  concretes  and  cements  are  frequently  used 
either  singly  or  in  combination  with  the  metnls  in  the  form  of  mesh- 
ings  for  imparting  tenacity.  Although  much  progress  has  lx>en  made 
m  this  class  of  material,  it  yet  remains  to  discover  the  secret  of  the 
ancient  compounds  as  instanced  in  the  remarkably  durable  water- 
tanks  of  the  Arabs,  built  at  Aden  about  600  years  b.  c,  and  still  m 
A  perfect  state  of  preservation. 

Notwithetaiuling  the  extended  researches  made  upon  the  pro- 
perties of  material  for  structural  purposes,  much  still  remauis  to 
be  discovered.  One  of  the  latest  investigations  made  m  to  the  use 
of  pure  sand,  encased  in  light  sheet-metal  tubing,  merely  to  pre- 
«nt  it  from  flowing,  reveals  some  astonishing  results  in  transmit- 
ting pressure  in  the  form  of  beams  subjected  to  cross-strains,  or  in 
the  form  of  columns  carrying  heavy  loads.  These  investigations, 
conducted  by  Prof.  A.  V.  Sims,  may  result  in  important  economic 
changes  in  engineering  structures  in  the  near  future,  when  reduced 
to  a  practical  buEis.    They  cannot  be  elaborated  in  this  paper. 
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But  tbe  selection  and  preparation  of  suitable  materials  for  struc- 
tures arc  details  vrliich  rather  belong:  to  the  domain  of  the  chemist- 
and  physicist  than  to  tbe  engineer  whose  province  it  is  to  design, 
assemble,  and  direct  work,  whereby  he  may  more  generally  apply 
tbe  resources  of  nature  to  the  waQts  of  oian. 


For  this  purpose,  power  ia  a  fundamental  factor,  and  for  many 
years  it  was  readily  deri%'ed  from  the  forests,  tn  generously  dis- 
persed over  the  earth;  but  the  rapid  increase  in  the  demand  for 
all  claesea  of  motors  as  well  us  for  domestic  and  structural  pur- 
poses has  threatened  an  early  exhauirtion  of  this  supply.  For  ■ 
locomotives,  it  soon  became  impracticable,  while  for  the  modem 
steamship  it  would  be  absolutdy  impossible.  With  t-hv  discovery- 
of  coal  and  its  stored  energy,  the  world  was  revolutionized.  Tlie 
first  qunrrj'  for  anthracite  was  opened  at  Summit  Hill,  Pennsylvania, 
in  1792,  but  the  cost  of  hauling  to  the  market  wivs  such  as  to  pro- 
hibit its  use.  Thus  was  stimulated  the  construction  of  the  Lehigh, 
Schuylkill,  and  Union  canals  and  the  Switchback  Railroad  early 
in  the  la-tt  century,  the  progenitors  of  our  extensive  sj-stem  of  pub- 
tic  works,  which  has  been  developed  by  private  capital  and  enter- 
prise with  occasional  aid  from  local  and  general  governments  antil 
the  railroads  of  the  country  now  excee<J  lilTi.OOO  miles,  repreaent- 
ing  ft  capital  of  over  14.000,000,000  dollars  and  earryiog  over  ],- 
200,000.000  tons  of  freight  per  annum,  at  an  average  cost  of  7.6 
mills  per  ton-mile. 

The  rapid  increase  in  the  demand  for  antbracite  coal  from  the  I 
Schuylkill  and  Lelugh  regions  resulted  in  a  maximum  yield,  for 
some  years,  of  65,000,000  tons  per  annum;  but  the  discovery  and 
working  of  large  deposits  of  soft  coal  in  West  Vir^nia  and  many 
other  localities,  as  well  as  the  greater  coat  of  mining,  has  redooed 
the  output  of  hard  coal  to  about  59^000,000  tons,  with  rcsulthig 
increase  of  price,  while  the  bituminous  mines  are  now  furaiabing 
260,000,000  tons.  This,  with  the  opening  of  the  free-working  iron 
ores  of  Lake  Superior  and  the  exceptionally  cheap  transportation 
on  the  Great  Lakes,  haa  concentrated  the  maDnmoth  iron  and  steel 
plants  near  their  borders  and  given  to  the  world  a  new  stimulus 
in  struftuml  materials.  Coke,  natural  gas,  and  petroleum  have 
also  aided  in  the  general  movement  for  cheaper  power,  and  tbt 
generntion  nf  artificial  gae,  as  the  most  effective  form  of  energy. 
has  proceeded,  part  jnatau,  with  the  demand  for  greater  economies. 
Attention  is  now  being  concentrated  upon  the  utilisation  of  the 
dynamic  agencies  of  the  earth,  found  in  her  wnter-courses.  atmo- 
sphere, and  electricity,  to  great  advantage  for  the  generation  and 
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traosoiissioii  of  power  tfarou^  long  distances  and  uiider  high  ten- 
MOo,  witb  corruspoiiding  giun  in  eSicivDcy.  Vet  thcEv  Gvlcis  aro 
fltlll  to  an  embrj'otio  state.  The  potutibilittes  of  the  radio-active 
group  is  at  present  beyond  the  power  of  man  to  predict.  The  accom- 
plishmeni  of  alleged  impossibilities  i»  becoming  a  vontition place 
event. 

The  great  economy  and  convetiience  of  fuel  in  a  gaseous  form 
would  seem  to  be  nmnifest  from  the  mere  statement  of  the  rela- 
tive calorific  pow-era  of  wood,  6480°  F.;  coke,  13,560*'  F.;  bitu- 
minous coal,  13,692'*;  antliracite,  14,200°;  ordinary  illurniDu.ling  gas, 
23,000*',  ajid  uatural  gas  35,000°,  whivh  niakea  it  nearly  six  titnes 
greater  than  that  of  wood  and  threefold  that  of  coal,  yet  a  modem 
publication  recently  announced  the  superior  "economy  of  coal  as 
compaicd  with  oil  and  natural  gas  for  fuel." 

In  18S1  the  late  Sir  Frederick  Bramwcll  predicted  that  by  the 
year  1931  the  steam  engiae  would  be  of  interest  only  as  a  relic 
and  would  be  supplanted  by  gas  motora.  Subsequent  facta  sustain 
in  some  measure  the  prediction,  for  to-day  they  have  reached 
units  of  1750  h.  p.  and  are  extensively  used  in  many  industries. 

The  fc!ir  that  tte  introduction  of  electric  pliints  would  exter- 
minate gas  for  lighting  aud  power  has  not  been  realixod,  since  it  is 
found  more  economical  in  many  cases  to  make  the  ga»-plant  sup- 
plementary to  the  electric  and  thus  increase  the  mope  and  efficiency 
of  both.  But  the  application  of  electricity  as  a  motor,  whether 
developed  from  water  or  steam,  is  merely  a  phase  in  the  evolution 
of  power,  wluch  will  ultimately  yield  in  large  part  to  the  superior 
advantages  of  pneumatic  tranHmisdon  from  the  natural  sources 
now  available  in  the  great  n'aterfalls  of  the  world,  when  they  aro 
more  fully  appreciated  and  properly  haniesaed. 

Although  much  attention  has  been  devoted  to  the  application 
of  the  tidal  energy  to  manufacturiug  purposes,  but  Uttlc  practical 
use  has  thus  far  been  made  of  it.  This  enormous  storehouse  is  yet 
awaiting  the  touch  of  a  master  hand  to  utiliac  it  advantageously. 

Aade  from  the  source  and  character  of  the  power  whieli  may 
ultimately  bo  employed,  there  ie  also  great  room  for  further  ccono- 
DdOB  in  the  handling  of  the  enormous  tonnage  already  required  to 
meet  present  demanda.  Here  the  problem  has  been  and  still  is  to 
increase  the  ratio  of  live  to  dead  load  and  to  reduce  the  re^stauces 
by  betterments  in  alignment,  grade,' distance,  and  terminal  facil- 
ities even  at  large  increase  of  capital.  Still  the  delays  in  handling 
and  drilling  trains,  compoavd  of  relatively  small  units  and  con- 
taining miscellaneous  freights,  in  complicated  yard*,  and  the  use 
of  cant  for  many  days  for  storage,  necessitates  great  expenne  for 
which  no  adequate  solution  has  been  provided,  although  some  relief 
may  be  obtained  by  the  earliest  possible  transfer  to  wtiterwaya  at 
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th«  nearest  practicable  point,  tiiua  substituting  the  short  for  the  long 
Imul,  ill  some  caecs.  Iji  othere,  where  bulky  freight,  like  ore,  coal, 
or  gruin  is  Itaudled,  grcflt  improvements  huve  be-on  introduced  so 
that  the  entire  contents  of  each  oar  may  be  dumped  through  chulea 
into  the  bold  of  the  vessel  in  one  operation.  The  c&pacity  of  tbe 
car  has  alao  been  increased  so  that  iiiatcud  of  the  paying  load  being 
less  than  the  \\i?ight  of  its  carriur,  tt  is  now  about  three  times 
greater.  l'robal)Iy  the  latest  advance  in  economic  transporta- 
tion ever  effected  was  that  which  has  revolutioniMd  the  move- 
ment of  petroleum  from  the  oil-urclls  of  Pennsylvania  to  tidewater. 
ThiB  product  was  formerly  handled  by  the  trunk-line  railroads  in 
epecially  constructed  tank-cars,  required  to  return  empty,  thus 
reducing  the  live  loud  to  about  25  pt-r  cent  of  the  total  for  the  round 
trip  and  costing  forty  cents  per  barrel  fur  the  freight.  To  control 
the  market  and  limit  tbe  output  a  combmation  was  efTected 
amongst  the  common  carriers,  wliich  made  It  impossible  for  inde- 
pendent producers  to  market  their  oil. 

In  this  extremity,  carte  blariche  was  ^vcn  to  an  experienced 
en^ueer,'  in  1878,  to  secure  a  continuous  right-of-way,  in  fee, 
acroas  the  states  of  Pennsylvania  and  Mai7land  and  to  coneinici 
a  pipe-lino  to  the  seabuard,  without  the  exercise  of  the  ri^t  of 
enuiieiil  domain  and  in  the  face  of  a  most  determined  and  well- 
orgacizod  opposition.  By  tact,  energy,  and  strategy,  this  was  suc- 
cessfully iiccomplislicd  in  a  remarkably  short  time,  and  by  the  use 
of  the  piinciplc  of  the  hydraulic  gradient  and  the  mutually  auto- 
matic regulation  of  the  pumping-plants,  of  which  only  four  were 
required,  the  cost  of  thJa  movement  was  reduced  ninety  per  cent 
and  the  cordon  was  broken,  to  the  great  relief  of  bolh  producer 
and  consumer.  After  which  demonstration,  geneml  pipe-line  lan-s 
were  adopted  and  other  lines  constructed  so  that  the  tank-car  is 
now  alinoat  a  relic  of  the  past.  Thus  the  opprctssion  of  a  trust  has 
operated  to  eflect  an  economy  which  has  reacted  upon  it  for  its 
own  greater  emoluments  as  well  as  for  the  public  benefit. 

The  engorgement  which  has  resuHed  in  railroud  centres  from 
the  concentration  of  freight  at  certain  seasons  may  be  partially 
relieved  by  so  improving  tbe  feeders  and  outlets  of  alt  the  avenues 
of  transportation  as  to  distributo  the  movement  more  uniformly 
over  a  longer  period  by  the  improvement  of  the  common  roadt  to 
make  them  available  at  all  seasons,  with  the  expenditure  of  lefs 
power  and  also  of  the  int«mal  waterways  of  the  country,  that  they 
may  be  utilized  to  relieve  the  traffic  by  distributing  raw  materials 
which  Kill  not  bear  a  long  rail-haul.  Moreover,  the  bare  which 
obstruct  all  harbor  inlets  along  aUu\-ia1  coasts  constitute  a  serious 
obstacle  to  the  general  distribution  of  commerce  by  requiring  vt«- 

'  General  Uemuui  lUupt. 
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Mia  to  clear  light,  wait  for  favorable  conditioas  of  wind  oad  tide, 
or  store  their  freight  for  lack  of  Bufficiont  draught.  It  is  even  now 
true  that  the  mofii  eronomioal  vet&el  cannot  l>e  built  liecauso  of 
the  existing  limitations  of  chamiels  and  ports,  not  yet  removed, 
and  which,  notwithstanding  the  grc-at  improvouicnt*  in  hydraulic 
dred^ng-plants,  cannot  be  pormaiiently  relieved  by  thei<e  mechtin- 
ical  devices. 

Tbc  great  fertile  plains  and  deltas  at  the  mouths  of  sedimentary 
nvers  aje  but  the  nutural  depusituriee  for  the  detritus  fed  tu  Ihem 
by  thdr  hydraulic  conveyors  whose  source  is  in  the  highlands, 
which  ^rcanis  carry  hundreds  of  millions  of  yards  of  ea.rthy  matter 
to  the  ma.,  where  it  niuuL  ultimately  rest. 

The  problem  here  is,  then,  so  to  dispose  of  this  deposit  by  natural 
agencies  as  to  prevent  its  obstructing  the  channels  of  ennimeree. 
■niia  can  be  accomplished  by  utilizing  the  potential  cnorgj'  of  tlie 
etream  itself  by  means  of  a  concave  resisting  medium,  placed  across 
the  bar  in  such  position  as  to  develop  a  reaction  and  scour,  which 
changes  the  form  of  the  channel  and  transports  the  ecdimeiit  latcr- 
itlly  to  the  cotuttcrecarp  thus  created,  and  from  which  the  waves 
and  Uttorsl  currents  remove  it. 

This  method  has  beca  demonstrated  by  actual  experience  and 
is  found  to  effect  great  economics  in  coat  of  construction  and  main- 
tenance, since  the  trace  of  the  work  is  less  than  half  as  long  bs  that 
required  by  the  preexisting  methndj),  and  there  is  no  correepond- 
ing  bar  advance,  but  an  automatic  adjustment  of  the  channel  and 
dump  tu  the  requircnionts  of  that  particular  stream  and  locality. 

This  is  a  physical  problem  wliich  haa  impressed  itself  ■Rith  more 
and  more  emphasis,  because  of  the  rapid  strides  made  in  commerce 
and  manufiLcturcH  and  the  greatly  increased  domandii  for  larger 
tonnage  and  correspondingly  deeper  channels.  The  mere  cutting 
of  a  ditch  across  an  ocean  bar  in  the  face  of  the  ever  active  forces 
which  created  it  is  not  a  satisfactorj'  nor  an  economic  solution  of 
this  question.  It  is  estimated  that  the  automatic  reaction  break- 
water would  have  saved  over  fifty  millions  of  dollars  in  the  past 
decade  in  this  coimtry  alone,  had  it  not  been  for  the  conservatism 
K'hich  was  unable  to  concede  its  advantages  prior  to  an  actual 
demonstration,  and  which  has  debarred  its  general  introduction. 

This  incident  is  cited,  without  detail  of  the  resistances  it  has 
OTCrcomc,  merely  to  illustrate  the  truths  of  the  general  ptinciples 
enumerated,  as  lo  the  elements  opposed  to  prngress,  in  the  intro- 
duction to  this  paper. 

Returning  now  to  the  general  theme  as  to  the  future  of  ecnnomio 
transportation,  it  will  be  found  necessary  to  devote  large  appro- 
priations from  the  treasuries  of  states  and  nations  to  the  better- 
ment of  the  public  highways,  for  the  general  welfare  and  as  feeders 
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to  the  extensive  Bystems  of  r^lroada,  that  they  may  utilize  their 
^olliIlg-f^t«ck  tuid  povrer  to  best,  advaotjige.  In  this  work  the  ruil- 
nay  componios  can  well  afford  to  expend  large  suiqb  (or  rooU-metal- 
ing  in  cooperation  with  local  interests,  aa  some  are  now  doiitg,  in- 
stead of  building  railrouds  for  their  exclu-sive  use  and  control,  to 
be  maiiitaiiied  at  great  cost.  The  highway,  thus  improved,  will 
beeomo  available  for  all  claasos  of  vehicles  (trnd  at  all  seasons), 
fn}m  the  fn^ight-wagon  to  the  Butoniubile,  and  will  play  a  most 
important  part  in  the  commercial,  social,  and  induatrial  well-being 
of  the  country.  The  introduction  of  the  trolley  has  at»o  served  to 
elevate  the  general  condition  of  mankind  by  the  facilities  it  has 
afforded  for  the  circulation  of  mind  and  matter  at  a  very  reaaoo- 
able  cost;  while  the  various  devices  for  transmitting  knowledge 
by  electric  agencies,  with  or  without  metallic  conduits,  baa  given 
a  great  impetus  to  the  interchange  of  knowledge  and  the  promo- 
Mon  of  all  elaseea  of  improvements.  Yet  each  iitnovation  has  had 
to  establish  its  raiion  d'&re  by  n  long  contest  and  only  tho  fittest 
have  eurvivod.  The  var  of  extermination  waged  by  certain  trans- 
portation monopolies  against  competition  has,  in  geuerul  etttablished 
the  principle  that  the  greater  the  distrihution  and  mobilization 
of  the  population,  the  greater  the  rcKulting  Ix^nclits  to  the  common 
carrier. 

Thus  the  improvement  of  wntenvays  hsa  invariably  increased 
the  prohts  of  the  railwnya  from  the  resulting  greater  tonnage  even 
though  carried  st  reduced  rates;  the  building  of  trolleys,  ao  long 
tuttcrly  opposed,  is  now  recognised  as  a  pubhc  benefactioa;  the 
improvement  of  the  highways,  so  strenuously  Tesi«ied  by  the  rural 
districts,  is  now  hailed  with  delight  as  adding  immensely  to  the 
value  of  the  farm  and  at  the  same  time  reducing  the  cost  of  its 
products  to  the  consumer. 

This  apparent  paradox  results  from  tho  saving  in  the  waste  for- 
merly incurred  in  overcoming  needless  resistances,  which  has  gone 
to  increase  the  margia  available  for  transportation  for  ibe  bene&l 
of  producer,  consumer,  and  carrier  alike. 

The  Isthmian  Canal  question,  the  solution  of  which  has  been  the 
desire  of  nations  for  four  centuries,  ie  stJII  an  ever-present  problem. 
Though  a  route  has  been  selected  and  the  right-of-way  secured, 
the  canal  is  not  un  fait  accompli.  Were  it  so,  the  cost  of  transporta- 
tion, by  water,  between  the  North  Atlantic  and  North  Pacific  port* 
would  be  reduced  to  about  one  third  of  the  existing  rates,  with  far 
greater  safety  and  with  a  corresponding  increase  in  the  potential- 
ity of  the  fleets.  Even  under  existing  conditions,  with  the  neees- 
Nty  of  circumna\igating  South  America,  the  railroads  cannot 
compete  with  the  Cape  Horn  route  for  the  reason  thai  the  ai'eragB 
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charge  Tor  tho  overliuid  movement,  at  7.6  mills  per  ton-mile,  would 
nuke  the  cost  of  transportation  about  $21,  wliicli  is  more  than  the 
nuirket  value  of  the  great  bulk  of  the  tonnage. 

It  i«  therefore  a  phywcal  impossibility,  at  present  rates,  to  carry 
this  traffic  by  rail  at  a  reasonable  profit,  whereas  it  could  readily 
be  moved  by  the  wBicr-routc  at  a  char^-  of  less  than  85  per  ton, 
thu»  atimulating  manuf a«ri ures  and  building  up  a  higher  cla.<<s  of 
frngbt  for  local  distribution  T^itb  a  shorter  haul,  for  the  geueral 
benefit  not  only  of  the  railways  but  of  all  parties  at  interest.  Under 
existing  conditions  the  total  overland  tonnage  of  all  the  tranncon- 
tinenta)  lines  probably  does  not  exceed  2.000,1X10  tone  per  annum. 

It  ia  estimated  that  an  Isthmian  route  would  save  to  the  com- 

nwrco  of    the  world   not  less  than   $200,000,(KM)  annually,  or  an 

amount  equal  to  our  foreign  freight  bill,  so  that  there  can  be  no 

queetioD  aa  to  its  Justification  and  imperative  necessity  at  any 

cost, 

H     Another  presKirg  desiirieratiim  in  the  development  of  intema- 

Btional  commerce  ia  the  enlargement  of  the  internal  waterways  of 

^^our  own  country,  which  have  not  kept  paco  with  the  traffic  rcquiro- 

Bments. 

H     The  state  of  New  York  has  at  leugth  awakened  to  the  necessity 
H'Of  meeting  the  competition  of  her  energetic  neighbors  and  is  about 
^fco  lespond  generously  to  the  demand  for  a  larger  waterway  from 
^Ihe  Great  Lakes  to  tidewater,  hoping  by  a  limited  twch-e-foot  draft 
to  compete  successfully   with  one  of  much   greater  capacity  tra- 
x-ersing  a  shorter  route.   The  fallacy  of  tliia  propoeition  would  seem 
to  be  aclf-cvident,  but  the  general  government  makes  no  appropria- 
tion for  this  great  enterprise. 

The  Chicago  Sanitary  District  has  by  its  own  contributions 
accompUehed  the  triple  benefits  of  improving  its  water-supply, 
disposing  of  its  sewage  in  a  harmle!<.q  manner,  and  creating  an 
ample  navigable  channel  across  the  "Sng"  between  Lake  Michigan 

I  and  the  Illinois  River  (a  model  of  which  may  be  seen  in  the  Liberal 
Arts  Building). 
It  now  remains  to  enlarge  and  improTC  the  remainder  of  that 
route  all  the  way  to  t  he  Gulf  of  Mexico  and  to  open  the  mouth  of 
the  great  Mississippi  River,  to  permit  the  rapid  escape  of  the  Aood 
waters,  and  to  improve  its  na\'igation;  but  the  means  to  this  end 
cannot  be  treated  in  the  hmits  of  this  paper.  Suffice  it  to  say  that 
it  is  still  a  present  proHeni,  as  is  admitted  by  the  last  report  of 
the  MiasisRippi  River  Commission  in  these  words:  "Experiments 
are  continually  being  made  looking  to  the  best  use  of  the  available 
material  and  the  development  of  appliances  and  methods  which 
may  be  economically  and  effectively  employed  when  Congress  shall 
^provide  for  such  systematic  improvement." 
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Thia  quotation  serves  to  emphaaize  one  of  the  mos*  serious  ob- 
staclM  to  the  development  of  the  commercial  interests  of  the  coun- 
tr>-,  namely,  tlie  meagre  appropriatioiis  made  ouly  bienuially  by 
Congress  for  worka  of  tbia  class.  Attention  Is  ah»  directed  to  the 
alxoRnce  of  all  competition  in  the  preparation  of  the  deftigna  and 
plans  and  to  tbe  rigid  requirements  of  (he  specifications,  which 
have  the  cfTccl  of  dctcrrinR  many  rcc-ponsiblo  coinpunice  from  xm- 
dem-riling  go\'enimeiit  contracts,  llius  increaang  the  cost  of  theae 
important  iniprovcmentg  with  no  guaranty  as  to  the  resuJts  to  be 
secured. 

The  effect  of  tho  absence  of  cheap  water  transportation  from 
the  interior  to  the  aeaboard  is  impressively  exhibited  by  the  fall 
in  the  average  farm-price  of  the  staple  ccreab  as  the  diatauce  from 
the  seaboard  increases.  The  export  price  being  the  standard, 
the  cost  of  the  overliind  haul  must  be  deducted  to  determine  the 
farm-value.  It  is  found  from  the  statistics  of  the  Deportment  of 
Agriculture,  during  the  past  dcendc,  that  if  the  average  price  uf 
wheat  on  the  Atlantic  Keaboard  is  79  cents  per  bushel,  it  will  be 
7S  cents  for  New  York  Slate;  72  for  Pennsylvania;  69  for  Ohio; 
651  for  iDdiiina;  64  for  Illinoi«;  60.8  for  Missouri;  58  for  Iowa; 
Ki  for  Kansas;  50.9  for  Nebraska,  which  ib  the  loweet  area  reached. 

Tbe  ability  to  ehip  via  Kanssa  City  and  St.  Louis  down  the  Mia- 
»E»ppi  River  contributes  to  raise  the  vtduc  of  farm-productt  in 
KanHia  as  eomparod  with  Nebraska  to  such  an  extent  that  Ne- 
braska would  have  saved  nearly  $1S,000.01)0  in  one  year  could  her 
crops  have  been  sold  at  Kansas  prices  (in  190]).' 

The  same  general  principles  prevail  m  other  statffB,  to  raise  the 
value  of  agricultural  producln  and  consequently  of  real  entate,  as 
tbewatem'ays  are  more  accessible  and  capacious;  yet  the  demands 
for  their  enlargement,  improvement,  and  emaiieipation  from  tolls 
arc  far  in  esce.ss  of  the  ability  of  the  Guvcmment  to  pn>vide  for 
thera  either  £nuncially  or  administratively.  The  total  estimate 
for  works  required  at  tbe  present  time  exceeds  the  entire  cost  for 
conatruction  and  maintenance  of  rivers  and  harbors,  einoo  ihe 
foimdation  of  the  Kepublic. 

Yet  private  partiPB  and  localities  ere  prohibited  by  law  from 
relieving  tlicir  own  exigencies,  by  their  own  methods,  at  their  own 
expense  and  riisk,  without  charge  upon  commerce,  thus  compelling 
them  to  submit  to  the  non-competitive  tariffs,  which  restrain  trade 
and  drive  it  to  other  more  favored  locations,  or  to  go  into  liquida- 
tion. 

There  would  seem  to  be  great  necessity  for  further  remedial 
legislation  in  line  with  the  recent  resolutions  of  the  National  Board 
of  Trade,  atithonung  the  letting  of  contracts  for  this  cla«8  of  work 
'  See  7^«  Forum,  Jaau&iy,  ld03:   Waitruxtjit,  An  Btottontit  tVMVMtty. 
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upon   the  barfs  of    paynieatg  for  results    secured,  by   wliatcvet 
method. 

These  details  of  transportation,  &nd  their  related  factors  of  legi»- 
latioti,  finance,  and  policy,  have  beeo  elaborated  to  some  extent, 
ntice  they  oflcct  th«  wclUboiug  of  tho  peopl«  of  all  nations.  It  \» 
M  true  to-day  u  in  the  time  of  MacCauley,  that  the  civiliza- 
tion of  a  country  is  determined  by  the  conditions  of  its  highways, 
and  yet,  as  has  been  shown,  the  provii?ioQ  made  for  this  purpose  lo 
this  country,  at  least  for  common  roadu  and  waterwaye,  is  wholly 
inadequate  to  meet  even  present  demands.  We  have  no  executive 
department  of  highn'ays,  and  that  for  waterways  is  but  an  adjunct 
to  the  military  arm  of  the  govemment,  presumably  inaugurated 
for  the  movement  of  naval  vceecia  in  the  event  of  var  and  not  to 
promote  the  arts  of  peace  and  commerce,  such  as  exist  in  other 
Rreat  nations  of  the  world.  The  general  demand  for  national  aid 
for  our  public  roads  should  meet  with  a  prompt  and  generous  re- 
epon^  from  the  general  goveniment  as  well  as  from  all  aectiona 
of  the  country  in  a  local  cooperation,  to  place  the  highways  of 
the  nation,  state,  county,  or  township  tn  tho  best  possible  con- 
dition, and  for  this  purpose  all  le^timate  local  influences  should 
be  concentrated  upon  the  citizens  who  are  selected  to  represent 
their  constituents  in  the  honorable  service  of  legitsUilion,  lo  accure 
their  active  efforts  in  its  behalf. 

The  momentous  importance  of  immediately  providing  for  the 
more  general  and  cheaper  distribution  of  the  products  of  the  earth 
is  apparently  not  fully  realized,  and  certain  it  is  that  the  increased 
supply  of  transportation  has  not  kept  pace  nnth  the  demand.  The 
operating  expenses  of  some  of  the  best  managed  trunk-line  rwl- 
roads.  lust  year,  were  increased  25  per  cent  becuuso  of  their  overtaxed 
facilities. 

It  does  not  appear  to  be  generally  kno^^n  that  the  population 
of  the  United  States  is  increasing  at  a  more  ni[»d  ratio  than  that 
of  any  other  portion  of  the  globe  and  that  by  the  year  1935  the 
enumeration  of  tbe  last  census  n*i]|  have  become  doubled,  while 
the  tonnage  movement  is  expanding  at  a  much  more  rapid  rate,  io 
consequence  of  the  greater  output  of  mines,  mills,  and  manufac- 
tories, as  nxll  as  from  tbe  increased  acreage  under  cultivation. 

As  this  is  a  fundamental  element  affecting  all  industries,  it  is 
respectfully  eubculted  to  this  distinguished  Congress  in  a  can- 
fully  compiled  graphical  diagram,  sho-uing  the  incrcntcnta  of  growth 
during  the  past  century,  as  actually  recorded,  subject  to  all  the 
vicissitudes  of  wars,  famines,  plagues,  immigration,  births,  deaths, 
and  conditions  of  servitude  which  affect  vital  statistics,  and  to 
tbei<c  data  the  curve  of  population  has  been  closely  applied  and 
its  law  of  evolution  dctermiQed.    It  is  thus  found  that  the  incre- 
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mcDt  per  dcctidc  Has  decreased  by  a  conMimt  which  induces  any 
ratio  one  Iwcnty-firat  lesa  lliaii  that  of  its  predcccsisur. 

By  projecting  tlya  curve  forward^  subject  to  this  law  of  decreas- 
ing percentages,  a  very  close  approximation  may  be  obtained  for 
the  future,  wtucli  will  serve  as  a  reliable  basis  for  the  solution  of 
the  many  social,  industrial,  commercial,  and  financial  problcmi;, 
based  on  population. 

Thus  there  results  (or  the  present  half-ceotury,  the  following 
tabular  etatcoicnt; 

PHOBjtfiLB    IkOUUSK    Dt    POnnjLTIOK    Or    TTIX    UHrrED    &tATtB    nmUHQ    TtIB 


Dote. 

Rata  «/  /ncrMM. 

PejnUation, 

Swntrieal  Incm 

1900 

78^5.220 

1910 

23.30 

04,249,201 

17,952,288 

1920 

22.28 

115,266,772 

21,017,B71 

1S30 

2I.a2 

139,703^27 

24,436.£5& 

19(0 

20.21 

167,923,300 

28,220,072 

1950 

19.25 

2(W,248,AKI 

S2J25.2H 
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Henpc  it  appears  that  within  the  lifetime  of  many  of  our  contem- 
poraries the  population  of  tliis  great  republic  may  reasonably  be 
expected  to  increase  2.6  timc«,  or  260%,  which  ie  at  the  average 
rate  of  52%  each  decado,  thua  showing  the  effect  of  oompounding 
of  the  curve  due  to  the  decennial  increment. 

Carton  Population 

But  it  is  not  merely  the  rapid  growth  in  numbers  for  which  ade- 
quate provision  should  \x  iiiado.  The  distribution  of  the  popula- 
tion IB  quit«  as  important  a  problem.  With  the  centralization  in 
great  communities  the  engorgement  has  become  not  only  incon- 
venient, but  at  times  oppressive  and  even  dangerous.  Kenies, 
trolleys,  elevateds  and  subways,  bridges,  and  tunnels  are  all  taxed 
to  their  utmost  limits,  and  the  headway  of  trwns  is  reduced  to  the 
danger-point,  yet  the  facilities  are  wholly  inadequate  for  the  morn- 
ing and  evening  service  between  dormitory  and  shop. 

Moreover  the  daily  tormage  of  food  required  to  be  furnished  to 
man  and  beast,  and  the  waste  required  to  be  removed  from  the 
great  manufacturing  centres,  is  enormous,  thus  greatly  increasing 
the  risks  to  life  and  health.  This  excessive  concentration  also  leads 
up  to  the  overcrowded  tenements,  sweat- shops,  and  brothels,  with 
ihear  unwholesome  environments  and  immoral  diversions;  for  all 
cS  which  the  most  tangible  remedy  is  dtsperaon. 

The  density  of  the  population  should  be  held  uithin  safe  limits 
by  strict  sanitary  legislation,  centres  of  industries  should  be  eatab- 
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liBhc<i  in  rurftl  districts,  thus  rcquihug  shorter  liauls  for  dairy  end 
iigricultur&l  supplies  and  ureating  local  markets  for  many  products. 
The  utilizatioQ  of  waterf&Ua  for  the  generation  and  troosmiataoQ 
of  power  to  loug  distanced  will  nid  iu  this  effort  to  distribute  tlie 
laboring  classes  to  their  maiufest  advantage. 

So  great  Is  tb?  trafiii;  on  the  municipal  Uncs  that  the  patronage 
iu  Dinny  cities  exceedn  300  times  the  total  population,  per  annum, 
which  at  times  greatly  GUrpii£!ie8  the  capacity  of  all  the  cnre  in  tbe 
service.  Thurc  is  apparently  no  ruUcf  in  isigbt,  excepting  the  addi- 
tion of  a  double  deck  to  the  elevated  railroads  or  the  introductioa 
of  a  series  of  continuously  mo\-ing  ^dewatks  ha\nng  different  rela- 
tive vclucitieti,  which  latter  method  hoi!  been  frequently  propuised 
but  appears  to  have  many  disadvantages,  especially  iu  the  require- 
ments for  space,  cost,  and  freedom  from  danger  and  noise. 

So  long,  therefore,  aa  movement  is  confined  to  the  mirface,  ele- 
vated, or  underground  roads,  the  difilcultics  of  handUng  tho  traflic 
muHt  increafic  in  a  very  rapid  ratio  unless  the  population  can  be 
coiiSued  to  smaller  local  centres  or  be  removed  from  the  eurfaoe 
altogether.  This  desideratum  haa  given  nsb  to  many  efforts  to  con- 
struct some  practical  device  foraSrial  navigation,  and  thus  it  happena 
that  there  ia  still  a  medium  into  which  man's  ambition  would  lead 
liiiii,  like  Icarus,  to  sour,  were  it  pos^ble  to  find  some  antidote  for 
gravity. 

Much  progrcGS  has,  however,  been  made  in  the  coDEtmetion  of 
diri^ble  balloons  and  6{)ecial  forms  of  captti'e  kites,  which  pve 
promise  of  becoming  of  commercial  value  h&  means  of  comntuni- 
eatioa  and  for  culltcting  data,  in  this  rarer  medium.  It  is  tbeie- 
fore  a  part  of  the  laudable  purpose  of  the  management  of  this  Bx- 
poffltion  to  encourage  this  effort  by  the  awarding  of  large  premiums 
for  the  moat  8uccet5aful  practical  efforts.  The  problem  is  moat  allur- 
ing because  of  tbe  manifest  advantages  to  result  from  its  fruition. 
Instead  of  having  to  improve  waterways,  or  to  build  railwn>'9  and 
highways  at  enormous  coat  for  construction  and  niaintenancc,  the 
way  would  be  free  to  all.  There  would  be  no  bridges,  tunnels,  toU- 
gates,  eand-hars,  reefs,  or  other  obstacles  to  the  ready  interchange 
of  commerce.  No  cuelom-houaea,  forts,  or  frontiers.  Commercial  and 
tnilitarj*  barriers  would  be  obliterated  and  wan  would  soon  be- 
come a  memory.  Were  the  inhabitants  of  the  earth  able  to  "move 
like  an  army  of  locusts  with  banners,"  seeking  the  garden-spots  of 
the  globe,  what  would  become  of  the  Chineee  Exclusion  Act  or  the 
lams  restricting  pauper  immigration?  Then  would  it  appear  that 
"the  earth  is  the  Lord's  and  the  fulness  thereof, the  i^-orld  and  they 
that  dn-oll  therein;"  for  man  could  seek  his  on'nen\'iroQments  much 
better,  and  more  readily  secure  the  opportunity  to  eara  his  broad 
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by  the  sweat  of  his  face,  deDied  to  so  matiy  under  exiling  soctal 
coodilioiis. 

With  the  inspiring  precedent  set  by  Mother  Earth  herself,  float- 
ing through  an  irnpoodcrable  ether,  and  held  in  her  coursee  by  the 
mutual  attraction  uf  celeatial  boditvt,  and  with  the  -wonderful  niech- 
anisms  of  the  myriads  of  beasts  and  hinla  t'onatantly  mocking 
the  clinmx  of  God's  creatures,  it  is  not  surpri^ng  that  man  should 
set  himself  sedulnualy  to  the  task  of  surmounliiig  the  circumarabifnt 
douds  and  seek  to  convey  himself  through  a  ponderable  atrao- 
lere,  by  flight. 

In  the  mean  time  the  world  awaits  hi«  efforts  with  hope  and 
expectation  thnt  uiikiionn  resources  and  oncrgies  may  soon  add 
wings  to  time  and  eolve  the  long-dcsired  paradox  of  aerial  nuviga^ 
tion. 

In  conclusion,  from  this  genera!  review  of  the  technological 
Geld  in  cii'il  cogineermg  it  will  be  seen  that  while  much  has  been 
revealed  and  applied  in  the  utilization  of  the  forces  and  resources 
of  this  wonderful  planet,  there  is  still  much  to  be  discovered.  The 
pregnant  past  has  showered  upon  this  generation  coal,  oil,  and 
gas;  steam,  comi>r(;ssi'd  nJr,  and  water-power;  dynamite  and  mclo- 
nite;  the  turnpike  and  railway;  the  palaee-car  and  ocean  grey- 
hound; the  bicycle  and  automobile;  the  telegraph  and  telephone; 
and  the  wizard  electricians  i»re  now  prophesying,  like  Puck,  that 
they  will  put  n  girdle  round  the  earth  in  forty  minutes  and  will  fur- 
nbh  millions  of  electrical  horse-power  from  a  central  plant,  to  any 
part  of  the  world  without  metallic  conduits.  ' 

Quid  nitnct  Is  this  only  a  dream?  Who  knows?  Yet  the  wheels 
of  progress  are  ever  revolving  in  an  ascending  gradient,  surmount- 
ing obstacle)*,  Epanning  cliasnus,  uniting  continents,  elinunaling 
distance,  abridging  time,  and  lifting  humanity  upon  the  higher 
planes  of  consecrated  labor  to  the  lofty  summits  of  u  Christian 
civilization . 

But  to  be  more  specific  a«  to  the  work  before  ua,  it  may  be  said 
that  there  m  still  great  need  of  further  improvement  in  the  utilii- 
ation  and  transmission  of  power  of  all  kinds,  both  by  movable  and 
stationar>'  enginea;  in  the  application  of  natural  forces  to  remove 
and  prevent  the  formation  of  alluvial  bars  in  commercial  channels; 
in  the  improvement  and  extension  of  better  highways  for  the  trans- 
portation of  nmtenals;  in  the  betterment  and  standardiK-ation 
of  the  rolling-stock  used  in  the  conveyance  of  freight  and  passen- 
gers; in  the  more  general  introduction  of  pneumatic  plants  for 
the  distribution  of  the  mails  ajid  for  local  deliveries  in  great  cities, 
to  reduce  the  congestion  from  the  delivery-wagons;  in  the  con- 
struction of  subways  for  the  installation  of  public-8er\ice  conduits, 
sewers,   water-supply,   lighting,   power,   drainage,   and   intcrurbtm 
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trafSc;  in  the  origjnal  provision,  in  tbc  pluming  of  cities,  for 
all  claRsefi  of  muDicipa.1  eervice,  prior  to  the  CKtablishiuetit  of  new 
slrate^c,  commeroial,  aiid  populous  ceDiree;  io  the  timely  equip- 
meat  of  existing  towtiH,  in  imticipution  of  the  rupid  expanuioD  of 
the  population,  due  to  the  i:umpoundinij  increment  of  ktowIIi; 
in  additional  t«rtninal  facilities  at  points  of  traDs-ebipment,  to 
avoid  dcliiys  and  demurrage  in  port;  in  tlie  utilisaliou  of  tidal 
energy:  in  continued  efforts  to  attain  practical  lesulte  in  adronau- 
tioB;  and  in  maay  other  special  branches  of  technology  too  numer- 
ous io  mention. 

That  theeo  desiderata  may  bo  attained,  it  is  fundamental  that 
the  religious,  social,  fjnaocial,  and  legislative  coDditions  be  nuido 
to  hamnoniie  by  broad  and  wise  laws  aiid  statecraft,  gi^'ing  araple 
opportunities  for  the  utlUiation  of  the  bcst-knowu  metbodH  and 
rcAourrcs  which  the  couDtry  affords,  for  it  is  found  that  law  is  some- 
timeH  a  serious  obstacle  to  progress  in  not  keeping  pace  with  nor 
anticipating  the  demands  of  ecieuce. 

It  is  not  wific  to  limit  our  iscopc  to  prenent  problenos  nor  confine 
attention  to  the  fleeting  moments.  There  ia  a  duty  which  this  gen- 
eration owes  to  posterity,  luid  it  must  be  met,  that  history  may 
accord  to  us  the  credit  of  having  "builded  lietler  than  we  knew," 
by  laying  broad  foundatioDs  that  its  pathway  be  not  incumberwl 
by  our  errors  of  judgment  nor  by  a  narrow  cupidity  which  makes 
provisloii  only  for  the  pasahig  hour. 

Then  will  the  people  of  our  day  and  grneration  be  true  to  their 
herilHge,  realize!  their  responsibilities,  and  transmit  to  the  future 
a  baais  for  stjll  great,er  aspirations  and  attainments  in  the  arts  of 
|)encc  and  the  eriencc  oF  government,  that  ware  may  ceaea  and  good 
wilt  prevail  amongst  the  sons  of  men,  for  "righteousness  exalteth 
a  naticai"  and  "wisdom  ia  jueti&ed  of  her  children." 
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cioty  of  Mechanical  Engiiieere.  Author  of  MaltrxaU  of  Alarhines;  Etenitnl' 
ary  .VocAin/'  llcMti/n.l 

The  problem  of  c-duunting  young  men  to  take  up  tlie  world's 
vmrk  in  engineering  is  a  continually  changing  ono.  Eii^icering 
continually  increases  in  scope  and  complexity  and  keeps  demand- 
ing l)etter  trained  and  Mser  men  for  the  solution  of  its  problems. 
What  are  the  tecbmcal  schools  to  do  to  meet  this  demand? 

Engineering  is  not  an  exact  ficicnce;  the  siim  of  knowleilge  on 
which  it  rests  is  too  meagre  for  exaetnesa.  Majiy  of  the  factors  of 
an  engineering  problem  are  euseeptible  of  exact  determination 
from  knonni  facts  and  mathematical  deductions;  others  can  be 
approximately  estimated;  while  others  still  are  elusive  and  prone 
to  hide  thcniBelves,  often  successfully.  Many  a  man  has  based  an 
engineering  work  involving  the  expenditure  of  large  .suras  of  money 
upon  an  analyaiB  in  which  one  factor  has  eluded  the  "round-up." 
TTien  when  money  was  spent,  when  the  Idea  was  in  eold  metal, 
this  little  cold-blooded  factor  came  out,  pointed  a  condemning 
finger  at  the  man  and  Hiiid:   "This  won't  do,  you  forgot  met" 

I  wifth  to  make  a  shghtly  adapted  fiiinlation:  "The  mathemati- 
cian in  solving  a  problem  takes  into  account  all  the  factors  that 
appear;  the  engineer  must  consider  all  the  factors  there  are."  The 
work  of  the  enginepr  must  not  fail,  or  destruction  of  human  life 
and  property  results,  and  he  is  criminally  responsible.  Ho  must 
consider  all  the  factors  there  are! 

As  the  sum  of  knowledge  grows  it  becomes  quite  complete  in 
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ccitaJn  divisions  of  enpneeriog  work.  Theo  Tactors  of  safety  are 
reduced,  standu-rcia  arc  designed,  imd  the  work  may  be  done  by 
any  one  who  can  leam  b  routine  and  can  follow  it  re[)eat«d[y  with 
accuracy.  But  the  real  engineer  haa  nothing  further  to  do  with  it, 
unices  new  applications  are  demundod. 

But  most  engineering  work  rcachoR  into  unexplored  or  panially 
explored  tietds,  and  in  such  cases  the  last  appeal  is  to  the  judgment 
of  aome  maii.  Iii  other  words  the  real  engineer  is  a  man  of  trained 
judgment.  It  is  impoBbiblo  to  teach  any  general  m«tbod  for  the 
Bolution  of  engineering  problems.  No  two  are  alike;  the  modifying 
factor*  are  so  many  that  the  possible  number  of  combinations  ia 
indefinitely  great  and  the  same  combinatioa  scldoms  recurs.  A 
man's  judgment  mugt  be  trained  so  that  ho  can  take  any  combin- 
ation and  reach  a  good  aolution;  not  necensarily  the  b«at  solu- 
tion, for  there  may  be  many  good  solutions  differing  only  slightly 
in  rCKUltH. 

Judgment  for  its  training  must  draw  from  many  eouroes.  There 
must  be  the  luiderstanding  of  the  mathematical  basis  of  all  en- 
gineering; a  knowledge  of  inorganic  nature's  laws  and  of  the  quah 
ities  of  engineering  matcrialB  and  of  constructive  principles;  and 
all  this  the  sc-hoole  ought  to  supply.  But  there  must  also  be  the 
experience  which  comes  from  lj«ng  "up  against  the  reni  thing" 
with  no  authority  at  hand  to  appeal  to  —  when  there  is  just  the 
man  and  the  problem  and  the  necessity  for  a  result.  This  is  (he 
kind  of  experience  which  tries  men'e  souls  and  makes  engineers  — 
or  failuri^B.   It  cannot  be  supplied  by  the  schools. 

There*  has  always  been  a  gap  between  the  teciminal  schoola  and 
the  practice  of  enpueering.  Thirty  years  ago  when  practice  waa 
simpler  and  the  schools  cruder,  this  gap  was  wide.  In  thone  days 
enf^neering  firms  and  uuinufacturers  did  not  seek  to  employ  tech- 
nical graduatei?:  they  said:  "We  ha've  tried  them  and  they  always 
try  to  shift  a  tielt  on  t  he  wrong  side  of  a  pulley ;  we  prefer  to  train 
up  our  own  men."  That  this  gap  has  narrowed  somewhat  is  shown 
by  the  fact  that  men  in  authority  in  three  prominent  engineering 
and  mnjiufacluring  firms  eivme  t^  Cornell  last  June  to  meet  mem- 
bers of  the  graduating  class  with  a  view  to  engaging  young  men 
for  their  work,  and  this  same  thing  happens  at  other  schools.  But 
still  there  is  the  gap;  the  graduat-c  must  still  imleam  some  things 
that  have  been  improperly  taught,  and  must  Icam  other  things 
that  have  not  been  taught  at  all.  There  muHt  of  course  always  be 
a  period  of  readjustment  because  the  conditions  in  practice  and 
in  the  schoola  can  never  —  from  the  nature  of  the  case  —  be  the 
same. 

To  meet  the  demand  therefore  the  schools  muat  cease  t-o  tcacb 
wrong  things,  and  must  teach  riglit  things. 
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The  development  of  engineering,  with  the  accompanying  de^-el- 
""opment  of  the  CRginccring  tclioole,  has  been  a  vcr)'  intciceting  pro- 
ce«s.  Out  of  the  "chalk  age"  has  come  the  orderly  present  prac- 
tjce.  In  the  chalk  age  a  man  would  go  into  his  shop  with  an  idea 
in  hU  head  und  u  piece  of  chulk  in  his  hnnd;  he  vcoulJ  clear  off  a 
place  on  the  work-bench  and  call  up  his  beat  man.  Jle  would  sketch 
and  explain  and  when  a-iked  nbout  dimensions  would  take  out  his 
tiro-foot  rule  and  slide  his  thumb  along  it  till  he  rcuclicd  the  right 
place  and  chalk, it  down.  ITien  the  best  man  would  look  in  the 
Krajvheap  for  available  parts;  would  interview  the  pattern-maker 
and  the  blacksmith;  and  later  there  would  be  a  machiue.  Tliis 
machine  would  be  tested;    parts  that  fnilod  would  be  replaced  by 

■  atmnger  oneii,  motion  ratios  would  be  adjusted,  and  6nally  the 
machine  would  perform  its  function,  all  honor  to  the  fine  men  who 
did  this  work.     But  this  process  of  machine  evolution  wjia  tedious 

Hand  expiniBive,  and  the  otialk  man  often  mstied  he  could  figure  out 
dimensions  because  he  saw  profit  in  getting  things  right  the  first 
lime.  It  was  in  response  to  many  such  wishes  that  the  technical 
BchooU  ftppenred.    But  they  did  not  spring  full-anned  into  being. 

tlake  othLT  earthly  things  they  have  developed  by  orderly  growth. 
Tlie  law  of  survival  of  the  fittest  operated  as  in  organic  evolution: 
OnCt  things  have  fallen  away  and  have  been  replaced  by  fitter  ones, 
while  much  that  wu»  good  has  survived.  From  the  Erst  it  was  clear 
that  an  engineer  should  imderetand  the  taws  of  inorganic  nature 
wand  the  relations  of  numbers,  and  hence  phy^cs  and  chemistry 
and  mathematics  were  included  in  the  early  courses.  But  the  use 
of  shops  for  the  training  of  engineers  does  not  seem  to  have  been 
grasped,  for  students  in  most  cases  were  simply  taught  handicraft. 
One  exception  was  the  shop  in  which  Professor  Sweet  taught  not 
only  skill  with  tools  but  also  principles  of  construction,  together 
with  the  highest  ideals  in  machine  design.     But  Professor  Sweet 

Iie  such  a  man  as  comes  but  once  in  a  generation  or  two. 
Many  of  the  technical  courses  were  grafted  on  the  existing  col- 
lege courses  and  an  attempt  was  made  to  combine  a  liberal  and  a 
technical  training.  It  does  not  need  to  be  stated  that  these  schools 
were  inadequate  even  in  the  simpler  state  of  engineering;  and  yet 
—  out  of  these  schools  came  many  of  the  men  who  have  helped 
to  bring  engineering  to  its  present  advanced  state.  But  that  was 
because  they  had  power  to  bring  what  they  had  learned  into  action, 
to  supplement  it  by  wisdom  gained  in  practice;  in  other  words,  to 
train  their  judgment  till  they  became  real  engineers. 

In  contrast  to  this  in  the  present  state  of  the  technical  eehoots. 

Engineering  has  developed  steadily  and  the  echools  have  tried  to 

meet  its  demands;   not  with  perfect  success,  but  still  succosafully. 

One  of  the  diSiculties  about  technical  schools  is  that  the  teacher 
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by  the  very  fact  of  teaching  is  put  out  of  touch  with  his  profession ; 
aud  the  profession  advances  so  rapidly  that  in  a  few  years  he  is 
eide-trucked.  He  teaches  coginccring  tte  he  knows  it;  but  that  ia 
not  as  it  19. 

Some  teachers  who  are  fortunately  placed  combine  consulting 
work  with  teaching,  aud  if  a  nice  balance  caii  be  muintaincd  this 
must  ©ve  good  results.  ThotcJBal-wflys.howcvcr,  a  temptation  to 
give  too  much  attention  to  the  consulting  work  with  its  strenuous 
demands  and  to  slight  the  teaching. 

It  would  seem  that  the  idcAl  way  iii  to  spend  alternating  periodfi 
of  a  few  yeani  in  teaching  and  practical  work.  This  has  been  done 
in  several  cases  on  persoDal  initiative  with  good  results;  and  in  at 
least  one  inelitution  it  now  has  the  approval  of  trustees,  president, 
and  faculty. 

If  a  man  had  just  spent  three  years  in  advanced  practice  in  en^a- 
ecring  wliiit  u-niild  lie  fiiul  to  cnticise  in  any  one  of  the  many  good 
modem  Aniericau  technical  schools? 

Let  us  consider  this  briefly  in  detail. 

MathemaiicB.  The  rlevotee  of  pure  mathennaties  delights  in  ab- 
stract processes.  We  have  all  heard  of  the  toast  offered  at  a  ban- 
quet u'hich  concluded  a  congress  of  matbcmaticians:  "Here's  to 
Higher  Mathemftlics,  may  she  never  be  degraded  to  any  human 
use."  Tliis  was  only  half-meant. 

I  know  a  maji  who  says  that  a  mathematical  question  loses  all 
interest  for  him  as  soon  as  it  proves  to  have  a  practical  application. 
His  feeling  is  right;  the  work  of  his  kind  has  been  of  infinite  serv- 
ice to  humanity,  but  be  is  not  of  the  etufT  of  which  engineers  are 
made. 

The  mathematical  subjects  in  technical  schools  have  always 
been  taught  to  engineers  by  nmthematicians  and  they  have  very 
naturully  pn-^entod  and  emphiuiized  the  things  that  had  greatest 
interest  for  them.  These  are  not  usually  the  things  of  most  use  to 
the  engineer.  In  some  cAses,  no  doubt,  such  teachers  have  rcseiiied 
suggestions  as  to  their  teaching;  but  in  most  cases  I  believe  they 
receive  suggestions  gladly  and  are  anxious  to  do  all  in  their  power 
to  make  their  service  most  eflicient.  I  believe  we  are  to  blame  who 
have  allowed  suggestions  to  be  lacking.  He  who  has  spent  any 
considerable  time  in  modem  mechaiiteal  enj^eering  work  knows 
that  for  most  of  the  figuring  only  a  knowledge  of  the  eleraeote  of 
the  mathematical  stihjectg  given  in  the  tet-Iminnl  courses  Is  nMtled. 
But  it  must  be  a  tvorking  kttotdedge.  Occasionally  a  probtem  arises 
requiring  more  advanced  knowledge  for  its  solution.  Why  not 
then  apply  to  what  Mr.  A.  P.  Trotter  in  a  recent  paper  calls  a 
"tame  mathematician"  for  a  solution  which  can  be  applied  by  the 
engineer.    If  a  man  can  be  an  expert  mathematician  and  aa  abte 
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eDjpneer  also,  it  is  a  line  thing;  but  most  men  cannot  because  of 
the  time-limit  to  life. 

It  would  seem  I  hat  the  trouble  with  the  teaching  of  innlliemittics 
for  ensneere  is  that  it  goes  too  f«r  and  not  deep  enough.  It  is  a 
vorking  knowlcdRC  "f  elctwntB  that  the  cnginc-er  neede,  Why  not 
drill  him  till  he  can  use  the  elements  as  he  uses  arithnietictil  prn- 
veeses,  and  leave  the  advanced  work  to  the  pure  mathematician? 

Shopt.  The  object  of  a  shop-course  in  a  iradc-achool  iu  lo  teach 
handicraft  to  one  whose  life-work  is  to  be  in  the  shop.  The  object 
of  a  shop-eoun-e  in  an  en^neering  school  is  to  give  an  understand- 
ing of  principles  of  inatiiiiie  coufitniclion  to  one  who  needs  euch 
understanding  to  bo  a  successful  engineer.  Obviously  the  method 
should  be  different  in  the  two  cases.  In  the  first  case  it  is  of  great 
importance  for  the  etudent  to  chip  and  file  an  exeri'isc-piecc  so 
that  it  exactly  fulfills  the  HjwciBcatioua;  in  the  second  case  it  is 
of  very  little  importanee. 

A  student  cannot  leani  four  trades  working  six  or  nine  hours 
a  week  for  nine  months  during  each  of  three  years;  but  ho  can 
leam  in  that  time — if  properly  taught  —  much  of  machine  oon- 
etruction  which  will  help  to  make  him  a  better  engineer. 

In  the  iiiathine-shop  all  exercises  that  are  for  the  truiaing  of 
the  hand  alone  should  be  dropped  and  the  student  should  leant 
the  operation  of  every  machine  tool;  he  should  be  led  to  put  each 
to  its  maximum  safe  output,  so  that  he  may  grasp  eometliing  of 
the  meaning  of  economic  production.  He  should  be  taught  the 
methods  of  producing  duplicate  parts  in  large  numlters  at  low  cost, 
He  should  leam  something  of  the  shop  organisation  and  arrange- 
ment for  minimum  cost  for  handling;  he  should  learn  something 
of  ehop  lighting  and  sanitation  and  its  bearing  on  the  cost  of  pro- 
duct; he  ahould  leam  something  of  the  methods  of  reward  by 
vhich  workmen  are  led  to  increase  the  shop  output  and  their  own 
incomes;  he  should  leam  about  accurate  and  ample  cost  account- 
ing and  it8  economic  results. 

In  the  pattem-Bhop  the  making  of  ornamental  vases  and  inlaid 
boxes  should  be  excluded  and  the  student  should  leam  the  best 
methods  of  puttem-making,  and  to  distinguish  between  the  allow- 
able expense  of  a  pattern  made  for  one  casting  and  a  pattern  made 
for  many  castings;  he  should  be  showTi  all  the  abort  cuts  that  save 
tabor  in  the  patterrfshop  and  the  foundry. 

In  the  foundry  art-caetlng  should  cease  and  the  student  should 
leam  the  methods  of  green-fand,  loam,  and  sweep-work,  either  by 
the  actual  execution  or  by  explanation  with  models;  he  should  do 
snap-fla^k  work  and  should  see  moulding-maehine.<t  operated;  he 
should  leam  economic  methods  of  handling  raw  material  and  the 
product  in  large  foundiies;    lie  sliould  know  how  to  make  charge 
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mixtures  for  different  remilts  and  should  study  cupola  and  air-fur- 
n&ce  operation  for  best  product. 

In  the  ttmith-flhop  artistic  forginji;  should  be  excluded  and  the 
student  ehould  leam  not  only  simple  forgmg,  tool-dressing,  and 
hoat-f rcaiment  of  sl.ecl;  but  he  should  also  bo  introduced  tn  the 
pniductiori  of  duplicate  parte  by  drop-preaacs,  and  in  the  raethoda 
used  for  the  production  and  annealing  of  large  forgingB. 

This  is  not  too  higli  a  standard  for  the  shops  of  an  engiMeertng 
school;  its  realixatioQ  will  increase  the  value  of  the  schools  to  prat^ 
tice  and  hence  it  n'ilt  come.  Obvioutily  it  involves  great  changes 
in  existing  methndx.  Sltop-tAlkfi  and  clnso-room  vrork  must  supple- 
ment actual  work  becauec  so  nituiy  principles  are  involved,  and  the 
actuiil  work  muHt  be  greutly  modi6cd.  Alrcaily  many  of  the  schools 
have  made  a  start  in  this  durection. 

Dramnff  and  Df*ign.  In  drawing  alt  nrt-work  should  be  excluded, 
and  the  student  should  learn  to  make  neat  and  clear-dimcnskmed 
sketches  and  accurate,  veil-executed  working  drawings  with  good 
plain  lettering, 

In  machine  design  the  theory  has  long  been  well  taught;  but 
the  modifications  of  design  in  response  to  the  demands  of  prmctieal 
every-(iay  cnnftidcrationn  have  usually  been  neglected. 

Experimental  Work.  The  prime  function  of  the  undergraduate 
mechanical  laboratorj'  is  to  teach  men  to  test  the  efficiency  of  ma- 
chines, the  secondary  function  is  to  afford  opportunity  for  research. 
Many  will  object  to  this  order  because  research  is  undoubtedly 
the  higher  work.  For  a  post-gruduatc  laborator)-  the  order  would 
be  reversed;  but  for  an  undergraduate  the  thing  of  first  import- 
ance in  to  leam  methods  of  testing.  If  in  addition  to  that  fae  is  able 
to  catch  Bonielhing  of  the  investigator's  spirit  It  la  fortunate;  but 
in  moat  cftfice  it  will  be  but  little;  there  is  n't  time.  Moreover,  the 
investigator  and  the  engineer  belong  to  different  classes. 

The  engineer  is  he  who  conceives  and  materiaUzes  ideas  that 
help  humanity  harness  nature  for  its  use.  The  investigator  is  be 
who  extends  the  field  of  knowledge.  This  is  not  an  absolute  diri- 
«on.  for  many  engineers  find  out  lacking  facte  for  th^  own  use. 
and  many  investigators  apply  the  facts  they  have  determined; 
but  in  general  the  classification  holds. 

Once  in  a  while  there  comes  a  student  with  the  inveeligator'e 
spirit ;  he  h  bom  to  add  to  human  knowledge.  He  is  to  be  cherished 
and  encouraged;  if  he  shows  a  tendency  toward  engineering  ft-ork. 
the  brakes  should  be  applied.  The  world  hae  many  engineers  and 
few  investigators,  and  the  few  cannot  be  spared. 

The  mechanical  laboratory,  although  a  eompamiively  recent 
addition  to  the  lerhnical  courses,  is  very  efficient  in  moet  of  the 
schools.    This  is  probably  partly  due  to  the  fact  that  the  induce 
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nwDt  for  teachers  to  keep  in  touch  with  practice  is  greater  through 
coogultuig  worli  than  in  the  other  depannieiits.  The  criticism  of 
the  man  just  out  uf  practice  upon  the  nKM-'hajii^'nl  laboratory  would 
prtjhalily  be  thiLt  thingti  nre  »rrHngecl  too  conveniently.  A  nuiohine 
or  a  eeries  of  aiachiDes  ic>  made  ready  for  operation,  and  the  student 
nuikcs  ccTtain  obecrv'uiiuus  from  which  he  deditcCB  refiuHs.  Ln 
ftome  coses  he  is  not  even  allowed  the  responsibility  of  operation. 
Id  practical  testing  it  h  the  getting  ready  that  needs  the  engineer's 
best  ingenuity  and  judgnitmt  luid  effort. 

Steam  Enffinetring.  The  tendency  in  this  work  has  been  too 
nxuch  to  go  far  into  theoretical  thcnno-dynamics.  This  is  usually 
"over  the  heads"  of  the  average  undergraduates.  Wliat  the 
engineer  needs  is  a  working  knowledge.  The  thcrmo-dynamic 
theorj'  which  suffices  for  thi.-^  is  not  difficult,  but  it  needs  to  Ims 
thoroughly  uiiderntood.  Agaui  it  i»  better  to  go  deeper  and  not 
w  far.  Also  tho  economic  part  of  power  development  ahould  be 
emphiuuzcd.  It  is  not  so  much  producing  a  nmximuni  ntsult  per 
potuid  of  ateam  a^  producing  a  maximum  result  per  dollar  cost. 

Thc«e  arc  cnticisms  in  detail.  What  would  be  the  criticiem  of 
the  course  as  a  whole  —  of  the  spirit  of  tho  pluceT  In  general  it 
would  probably  bo  that  the  sehool  needs  to  "get  in  line"  with 
practice.  The  student  conung  out  should  not  need  to  turn  even 
through  a  small  angle  but  should  go  etraight  on.  Some  detaila  may 
illuHtrate : 

Engineering  work  is  done  Ixfcause  it  ia  paid  for,  and  no  solution 
18  right  which  ignores  the  money  factor.  In  the  operation  of  any 
inechanicul  engineering  installation,  there  is  cost  of  labor;  cost  of 
supplies,  including  energy;  cost  due  to  depreciation;  cost  due  to 
interest  on  first  cost;  cost  of  repairs;  coat  of  probable  delays;  cost, 
of  tnxHtiun  and  insurance. 

There  may  be  many  combinations  of  macliinea  and  apparatus 
that  would  give  the  required  result,  and  each  combination  might 
var}'  all  cost  items.  The  en(pneer  must  determine  the  combin- 
ation that  would  give  the  least  sum  of  costs.  It  ia  bcheved  that  the 
Bchools  are  apt  to  consider  economy  of  elements  rather  than  of 
aggregates,  and  to  negleot  variations  due  to  local  conditions.  This 
is  not  m  fine  with  practice. 

Another  thing  that  is  not  sufficiently  emphasized  is  the  judging 
of  results  by  their  reasonableness.  I  quote  from  a  recent  address 
to  the  graduating  class  of  Stevens  Institute  by  Mr.  Walter  C. 
Kerr:  "Tliis  again  is  a  thing  which  each  man  does  for  himself 
in  his  own  best  way,  and  ils  essence  consists  in  Kicking  one's  self 
whether  the  thing  is  reasonable.  It  in  a  great  eheek  upon  error. 
it  applies  equally  to  nearly  everything  of  which  engineering  is 
composed.    It  is  the  power  of  the  human  mindj  after  pvrformini; 
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in  morft  or  less  syBtematic  and  conventional  waj-a,  to  Stand  off  ant 
louk  at  results  and  ufik  one's  self  whether  tliey  are   reasooable. 
One   man  nill  figure   thnt  certain  material   n'«ighs  two  hundred 
tons,  und  bcLov«  it.     A&othur  will  say  tliut  there  is  sometluog 
wrong  in  that,  for  it  all  came  in  two  cars," 

The  engineer  in  practice  has  to  check  reeults  in  this  way  because 
errors  are  uostly  in  mouoy  and  reputation;  but  in  the  school  where 
ideas  are  not  materialized  the  result  of  errors  is  less  serious.  The 
consequence  is  that  it  is  customary  to  assume  that  a  result  is  ri^it 
because  it  has  liccn  figured.  To  use  another  illu^trutiou:  One  man 
Diny  got  a  result  by  UBiug  sevca-ptaee  logarithms  and  may  say  that 
it  must  be  right  because  of  the  seven  places.  Hut  another  may 
check  it  through  with  a  slide-rule  and  tthow  a  large  error  in  the 
secoud  figure  of  the  result.  After  working  out  in  detail,  the  whole 
problem  should  be  looked  at  broadly  for  rf»utonablcni?s8.  The  »;hoo]H 
should  lead  the  fitudent  in  tliis  <lirection  to  bne  up  with  practice. 

These  arc  probnble  cTJticisms  of  a  man  fresh  from  practice.  Every 
practicing  engineer  will,  I  think,  recognize  their  reasonableness. 

Wlvo  then  arc  the  men  to  work  out  the  cb&iiges?  The  men  with 
teaching  capaeity  frcsli  from  practice;  and  so  again  we  come  to 
see  the  deairability  of  alternating  teaching  and  practical  work. 

Another  difficulty  i3  the  present  time-limit  of  the  technical  coupbb. 
With  engineering  development  has  come  the  demand  that  the 
engineer  should  have  broader  training.  The  course  was  made  (o 
cover  four  ycnnf  at  firet,  and  that  ser\'t'd  for  the  early  days;  but 
now  for  years  we  have  —  so  to  speak  —  been  blowing  steam  into 
a  closed  vessel  from  a  high-pressure  source;  tbe  result  is  too  high 
pressure.  Students  arc  worked  too  hard  tind  as  n  re.sult  cAiinot 
do  the  best  work  of  wluch  they  are  capable.  It  takes  time  for  ideas 
to  eo&k  into  the  human  brain.  l*he  solution  is  to  increaf«  the  course 
to  five  years-  The  objection  usually  made  i*  that  studentit  cannot 
afford  the  time  and  expense.  But  is  thig  true?  I  know  a  roan  who 
spent  ten  years  after  entering  college  before  he  began  the  practice 
of  medicine;  four  years  in  college,  four  years  in  the  me<lical  school, 
and  two  years  in  hospital  work.  This  may  bo  on  extreme  com,  but 
this  is  the  kind  of  a  physician  I  would  hke  to  call  in  case  of  serious 
illness.  Suppose  the  student  leaves  the  technical  school  at  the  age 
of  twenty-four.  He  may  rcaaonably  look  forward  to  thirly-«ix 
or  more  years  in  the  practice  of  his  profes«on.  If  an  additional 
year's  study  can  increase  the  efficiency  of  each  one  of  tliese  years,  is  it 
not  worth  while?  The  incrense  in  efficiency  is  not  due  alone  to  the 
additional  year's  work.  TIic  stress  is  reduced,  and  the  development 
is  more  normal.  Moreover,  the  danger  of  mental  ovcrrtrain  is  re- 
duced. Tlie  five-year  course  aim  would  give  opportunity  for  the 
introduction   of  outside  work  that  would  increase  the  enfpoeer's 
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power:  elemeat-ary  ecoaomics  and  traiisportatton  probl«iaa ;  element- 
ary law  and  contracts;  with  a  great  deal  more  Kngli^  componttioa 
BDd  theme-writing. 

The  student  will  say  that  Ma  father  will  not  ^ve  him  five  years 
at  tbe  university.  Huw  about  his  brothcrij  uod  friends  who  study 
law  or  medicinet  We  have  only  to  get  used  to  the  idea.  I  believe 
the  hve-year  course  nill  come  within  the  next  five  years. 

In  this  same  t'oimectioa  is  another  point.  An  engineer's  success 
is  iucresfiingly  dependent  on  his  ability  to  meet  men  oi  relincnient 
and  culture  oa  thtar  own  plane.  Obviously  there  is  no  time  in  a 
technical  course  for  culture  studies.  For  fifteen  or  more  years  ther» 
has  been  a  tendency  for  a  few  men  who  have  completed  an  arts 
course  to  take  two  or  more  years  in  engineering.  This  is  a  tendency 
to  be  encouraged,  for  it  makes  for  increased  power  and  efficiency 
in  enginocring.  We  ought  to  get  into  tbe  habit  of  thinking  of  the 
tccholcal  school  as  a  professional  school  to  be  entered  only  on  the 
completion  of  tbe  broader  general  course. 

There  is  nnotlier  criticism  wtiich  has  come  to  me  many  times  from 
men  in  different  grades  of  practice.    The  technical  schools  are  or- 

rganized  so  that  a  young  man  who  has  passed  regularly  through  the 
public-school  system  finds  entrance  easy;  while  maturcr  men  whose 
Schooling  has  been  irregular,  but  who  have  had  several  years  of 
practical  work  in  lines  connected  with  engineering,  find  entrance 
difficult.  Yet  the  latter  class  are  apt  to  have  greater  capacity  for 
becoming  engineers.  It  seems  certainly  necessary  to  require  that  all 
candidates  shall  haw  the  mitthcniatiL'u!  preparation.  It  is  impossi- 
ble to  build  withftut  a  foundation.  But  any  earnest  man  with 
Engineering  capacity  can  get  this  preparation.  It  is  other  subjects 
that  give  trouble.  If  «  man  has  spent  several  years  in  a  sliop  or 
drafting-room,  or  at  some  other  work  directly  coimected  with 
eugjneering,  he  certainly  has  increased  his  understanding  of  what 
«npneering  training  sliuuld  be;  he  has  usually  very  much  greater 
caniestncsa  for  study  than  the  young  mivn  from  the  high  Bchool.  In 
other  words  his  work  has  been  effective  preparation  for  a  technical 
course.  Tliere  should  not  be  any  difficulty  in  giving  value  to  such 
vork  toward  entrance. 

This  problem  may  be  solved  as  follows;  Make  the  mathematical 
and  English  requirements  rigid.  I^et  the  other  requircmCDts  stand 
aa  at  present,  but  add  to  them  shop-work,  dra«-ing,  and  such  other 
subjects  as  may  be  judged  to  give  equivalent  trainiftg.  Let  a  cer- 
tain number  of  these  subjects  be  required  with  free  election.  ITiis 
plan  is  now  in  successful  operation  at  Stanford  University. 

Some  desirable  men  (I  have  knOMTi  many  of  this  class)  might 
still  be  unable  to  enter.  If  they  can  offer  the  required  inathematlc-s, 
they  may  fee  admitted  as  special  students.    This  would  bar  them 
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from  taking  degrees,  and  this  might  seem  a  hardship  if  degrees  are 
really  of  any  value.  This  difficulty  has  been  overcome  at  Stanford 
University  by  allowing  a  man  who  has  entered  as  a  special  student 
to  graduate  by  making  a  total  of  one  hundred  and  fifty  hours; 
that  is  by  ta^g  an  extra  year's  work.  This  is  of  course  simply 
making  a  man  with  defective  entrance  training  take  a  five  years' 
course  for  a  degree. 

After  the  technical  school  has  done  its  full  duty  by  a  youog  man 
his  education  is  only  begun;  he  must  spend  years  in  contact  with 
practice  before  he  can  attun  that  rip^iess  (^  judgment  which  will 
enable  him  to  say  of  eng^eering  schemes,  this  is  right  and  that  is 
wrong;  before  he  can  reach  his  full  power  as  an  engineer. 
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[Afttur  Edwin  KcaDcIlr>  ProfMsor  of  ElfCtriral  EociDMring  at  Harvard  Uniwr- 
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CflllH'gi'  School,  London;  Hon.  A.M.  Harvnrti  Uriivirsity ;  Hon.  D,3c.  Wrstem 
University,  PoDn^lvMnu.  Chief  Dec  trie  iiui,  Cnhle  Ship,  1882 ;  Priiieipal 
AsBiatant  to  Thomaj*  A.  Edison,  lS$i~fi:t ;  (!kjiia  ill  tine  Mrctrician,  Bdiion 
Uirncnil  Electric  Co.,  1891-93.  Ptut  Preeiidt'iit,  Aiut.'nciiu  Institute  of  Ekctnotd 
EcigiiiM^ni :  Mnmber  of  hutl.ituticm  of  EtnTtrii'til  Enginrfn,  (jrmt  UritAin; 
Amerioaa  PImical  Socioty ;  AmtricAn  Pliilosii|ihi<m!  Sfani-ty ;  .American  Acudeiny 
of  Arts  nndSoiencPs;  Honorary  Fi-llow  of  Ntw  York  Electrical  SomKy.  AutllOT 
of  obout  twenty  books  on  application  of  electricity,  with  other  uuthon.] 

Ekoixeerino  IB  coeval  mlh  cnntization.  Its  crude  beginnings 
must  have  evolved  with  the  first  banding  of  men  together  for  a 
common  purpose.  In  a  very  broad  sense  of  tlie  lerm,  engineering 
comprises  all  material  conetruction  and  operation  executed  by  a 
community  through  the  efforts  of  a  specially  selected  few.  The  degree 
to  which  engineering  is  carried  in  a  community  is  a  measure  and 
critorion  of  the  degree  of  its  material  civllizittloti.  Ex  pede  fterculem. 
The  pyramid.-!  of  Ghixeh  and  the  Cloaca  Maxima  at  Rome  clearly 
reveal  by  inference  the  status  of  their  respective  communities  at  the 
dates  of  those  constructions. 

In  the  same  broad  sense,  engineering  lays  eveiy  art  and  science 
under  contribution.  But  whereas  the  brancheaofeogineeriiigdealing 
with  arcliltecture,  mechanics,  mining,  sliip- building,  road-making, 
and  hydraulics  go  back  to  prehistoric  times,  steam  engineering 
electrical  engineering  arc  of  comparatively  recent  date,  steam 

gineering  being  about  two  hundred  years  old  and  electrical  engin- 
eering about  seventy.  These  youngest  branches  of  engineering  have 
completely  clianged  the  aspects  of  the  parent  tree.  Without  them 
modem  civilisation  could  not  e.\.i9t. 

Each  newinduBtriftl  application  of  electricity  has  opened  a  new  field 
for  electrical  engineering.  The  electric  land  telegraph  first  opened 
commercially  in  1835.  The  electric  aubmarice  telegraph  commenced 
m  1850.    Since  1870  the  electric  dynamo  and  motor,  the  electric 
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telephone,  the  electric  arc  find  incandescent  light,  the  electric  furnace, 
the  eleolric  railway,  and  the  electric  wHreless  telegraph  have  all  come 
into  existeDce.  These  industrial  appIicatioDS  have  jointly  created  an 
applied  science  and  an  art  with  a  large  and  rapidly  growing  literature, 
language,  and  technoloj^-.  In  the  United  Stalos  alone  it  is  estimated 
that  these  industries  have  a  total  invpfilnient  of  three  billions  of 
dollars  and  employ  400,(K)0  workers. 

The  most  eignificant  difference  between  electrical  engineering  and 
all  other  engineering  lies  in  the  fact  that  electrical  engineering  deals 
with  the  application  and  control  of  wave-movements  propagated 
through  the  univcrsfti  ether  with  the  speed  of  light ;  whercaa  all  other 
engineering  deals  with  the  mutual  relations  between  mnterial  siib- 
stances.  In  other  words,  electrical  engineering  is  the  controlled 
operation  of  the  immfttorial  upon  themalerial.  All  othercngineering 
is  thp  controlled  operation  of  the  material  upon  the  material. 

A  projectile  may  lie  fired  from  a  cannon  over  a  thirty-kilonwter 
range  nt  an  initial  velocity  of  about  nne  Itilometer  per  second.  A 
locomotive  may  be  driven  over  a  smooth  level  track  at  a  speed  of 
fifty  or  sixty  mctera  per  second;  but  an  electric  impulse  will  travel 
over  n  wire  at  a  i^peed  o(  :i()<>,0()()  kilometers  per  second.  Both  the 
projectile  and  the  locomotive  must  displace  the  air  through  which 
they  move,  prnduping  violent  frictionul  dif^urbunre  of  the  medium. 
The  electric  impulse  movea  through  the  air  without  friction  or 
iippr(M.'iable  disturbance.  Hence  the  wonderful  adaptability  of  elec- 
tricity to  play  the  part  once  assigned  to  the  winged  Mercury  among 
the  god.«  on  Mount  Olympus,  and  by  its  enormous  speed  to  annihilate 
distances. 

In  nearly  all  induBtrial  electrical  application.^,  energy  ii^  inins- 
niitted  over  wires,  and  it  ia  the  trans missibtlify  of  electrical  energj- 
which  gives  its  principal  viihie.  The  energj-  is  tninsmitted  from  coo- 
vi^nicnt  Mourres.  or  points  of  generation,  to  sinks  or  coneumption 
points,  where  the  ©ncrgj-  is  abstracted  and  converted.  In  eome  caae» 
it  is  directly  converted  by  electric  motors  into  mechanical  work.  In 
other  coses,  it  is  cou\'erted  into  heat, as  in  electric  funiacesfor  heating, 
or  in  electric  lamps  for  lighting.  In  yet  other  cases  it  is  converted 
Into  mechanical  energy,  not  for  doing  work,  but  for  communicating 
intelligence,  as  in  the  telegraphic  receiving-instrument.  But  in  alt 
these  ciisesthe  electric  energy  is  carried  to  I  be  poiut  of  consumption 
and  delivery  through  the  ether,  guided  by  the  vnrc  or  wires.  The 
interior  of  the  wire  is  the  only  place  where  the  tranamittcd  energy 
does  not  flow,  for  whatever  energj*  enters  the  wire  is  wasted  therein 
as  heat,  and  fails  to  reach  ile  destination. 

Prior  to  the  introduction  nf  the  steam  encine,  men  worked  in  two 
way.^;  first,  a.*  intelligent  l>r>ings  exerciitiiig  skill  and  judgment ;  sm^ood, 
se  muscular  machines,  or  peripatetic  sources  of  bmto  forec,like  beasts 
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of  burdoD.  with  vestiges  of  intolligpnce.  This  segregation  of  a  large 
section  of  the  p«opIo  iiito  rninpetitioti  with  aninuii<i  tended  to 
brutaiit«  all  men,  both  the  mu»rulur  aiBchines  aod  the  more  intelli- 
gent beings  over  them.  Con.1  and  th«  steam  engine  gave  n  great  lift  to 
humanity  by  removing  the  coiiii*litioii  of  human  musL-Ie  with  hrure 
muscle.  The  applicatione  of  electricity  have  so  far  aided  the  uplifting 
prOce».  by  the  improved  distrihutioti  of  power,  that  not  only  are  nwn 
emancijiated  in  civilized  communities  from  dr(iught-«er\ioe  or  mere 
animal-haulage;  but  even  horsc-huuluge  in  lurge  cities  htis  com- 
menced to  be  uneconomieal. 

From  an  economieal  standpoint,  electrical  engineering  cooperates 
nith  other  branchc!=  of  engineering  in  distributiagvithor  special  utilities 
excluMvely,  or  general  utilities  with  particular  advantagea.  Distri- 
butions of  the  former  class  are  intelligence  and  power.  Distributions 
of  the  liitter  class  are  light  and  heat.  That  iatoauy,  thet«Icgr(iph  and 
telephone  nwintaiii  a  monopoly  of  the  rapid  transmission  of  ideaa. 
The  electric  motor  has  nimogt  n  monopoly  of  the  distant  transmis- 
sion of  power.  Bitt  ek-rtric  light  is  in  competition  with  other  form» 
of  illumjasnt,  and  maintains  its  present  position  by  virtue  of  con- 
venience, cleanliness,  or  other  special  qualities. 

The  sociological  advantages  derived  from  the  electric  telegraph 
and  telephone  arc  enormous.  If,  as  has  been  claimed,  the  invention  of 
the  Ingarithm-tftble  has  virtually  doubled  the  livea  of  a.'rtronomers, 
the  invention  of  Iheiw  electric  implements  has  virtually  doubled  the 
lives  of  busincss-mcn.  Moreover,  our  modem  systems  of  government 
would  be  imprarticftl'le  in  the  ahwnce  of  these,  tiiatrumeiitalittes.  It 
is  stated  that  iu  the  year  1815.  prior  to  the  electric  telegraph,  (he 
news  of  the  battle  of  New  Orleans  wue  not  received  in  the  national 
capita],  Washington,  for  three  weeks.  On  the  other  haiul,  in  1898, 
the  news  of  the  battle  of  Manila  was  reported  iu  Washington  a  few 
hours  after  it  occurred,  by  actual  time;  or,  some  hours  before  it 
orcurred.  by  loeal  Washington  time. 

As  reg»rd.s  the  electrical  distribution  of  power,  the  convonicnec 
with  which  insulated  wires  may  be  carried  and  distributed  lo  motora 
in  and  amonp  buildingH  has  profoundly  affected  the  construction  and 
operation  of  modem  factories,  where  the  long  overhead  rows  of 
constantly  running  countershafting,  with  lajge  numbers  of  endless 
belts  thcncp  dcsct-nding  to  machine  tools,  has  been  replaced  to  a 
considerable  extent  by  a  clear  headway  for  cranes,  and  an  electric 
motor  on  each  machine  tool  or  near  to  each  group  of  tools.  The 
complete  control  of  tool-speed  which  this  sj'stem  provides  and  the 
cessation  of  all  waste  of  power  in  running  friction  when  a  tool  is  out 
of  use,  are  great  advantages  in  favor  of  electric  factory  driving. 

The  contrast  between  the  trans niiisai on  of  power  by  electricity  and 
that,  by  rope-haulage  ia  veiy  remarkable.     A  steel  cable  in  a  rope- 
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drive  can  transmit  eay  300  kilowatts  (about  400  horse-pow-er)  to  a 
dixlancc  of  »  few  kilometers  by  its  bodily  movement  at  the  rate  of  a 
few  metera  per  second.  On  tlie  other  hand,  a.  quiespcnt  electric  cable 
ol  copper,  suspended  on  the  insulators  of  a  pole  line,  can  transmit 
300U  kilowatts  to  a  distance  of  a  few  hundred  kilometers,  with  about 
the  same  ©Oicieocy.  In  the  case  of  the  mechanical  transmission,  the 
fl-ear  and  tear  and  depreciation  of  the  steel  cable  is  considerable.  In 
the  case  of  the  electm  tranf^nii.tsion ,  the  wear  and  tear  of  the  con- 
ductor has  never  yet  been  detected.  The  depreciation  is  practically 
limited  to  that  of  the  poles,  insulators,  and  mechanical  supports.  So 
far  as  is  yet  known,  an  elentrio  eonductor  does  not  wear  out  electric- 
ally by  the  exercise  of  its  functions. 

Al  the  present  time,  the  longest  commercial  electric  poi\-er  traiis- 
miseion  is  in  California,  from  de  Sabla  water-power  house,  in  the 
foot-hills  of  the  Sierra  Nevada,  to  Sausalito,  opposite  San  Fran- 
cisco,  a  distance  of  232  miles  (373  kilumetera) ;  while  7500  kilo- 
watte  (10,000  horse-power)  is  regularly  transmitted  from  Ekctra, 
another  water-power  house  in  the  Sierras,  to  San  Francisco,  a  dis- 
tance of  147  miles  (236  kilometers).  It  would  seem  as  if  it  were  only 
a  question  of  time  n-hen  every  important  waterfall  shall  be  har- 
nessed to  turbines  and  dynamos  for  the  transmissiitn  of  solar  enerfo' 
to  the  nearest  mart. 

Up  to  the  present  tiinc,  the  eoal-supplics  of  the  world  have  kei>t 
us  amply  furnished  with  power  at  low  rates.  With  eoal  averaging 
Bay  12.25  per  metric  ton  in  the  Eastern  United  States,  the  coet  of 
u  kilowutt-liour  at  the  steam-engine  shaft  durinf;  the  working  hnun 
of  the  year  is  from  1.75  cents  in  small  plantjj  to  1.33  eonts  in  lajger 
plants,  with  good  management  and  economy.  It  is  estimated  that 
the  world's  total  output  of  coal  is  approximately  two  millions  of 
metric  tons  daily.  At  the  present  rapidly  increaaiog  rate  of  con- 
sumption, the  cost  of  coal  delivery  tends  slowly  to  incrcaae.  Un- 
less, therefore,  discoveries  are  made  of  new  available  sources  of 
power,  the  value  of  solar  po\4*er  may  be  expected  to  appreciate. 
The  only  Bolur  engine  of  large  power  that  has  thus  far  been  made 
effective,  or  which  promises  to  be  effective  in  the  near  future,  is 
the  uratcrfall.  Already  several  himdreds  of  thousands  of  kilowatts 
of  the  worUi's  water-power  are  electrically  converted  from  waste 
to  utility.  In  the  single  instance  of  Niagara  Palls,  about  100,000 
kilowatts  are  already  utilized,  and  plans  now  in  progress  pronu« 
(o  develop  a  total  of  about  500,000  kilowatts  more.  This  electrical 
power  is  sold  to  consumera  in  the  vicinity  of  the  Niagara  power- 
house at  about  a  quarter  of  a  cent  per  kilowatt-hour,  in  large  quan- 
tities, continuously. 

One  of  the  greatest  ndvantages  which  electrical  cn^ecring  ha* 
rendered  and  is  rendering  to  the  people  is  in  cheapening  and  acoel- 
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erating  transportation  by  the  electric  street-car  and  railroad.  In 
a  number  of  Americaa  cities  it  is  possible  to  travel  for  five  cents 
say  difitanc<;  in  one  direction  up  to  10,  15,  or  ev«D  20  miles,  nt  a 
Kbedule  npeed  of  from  7  to  12  miles  per  hour,  and  with  cars  on 
headvraj*  of  from  2  to  15  minutes.  Tho  reason  for  the  cost  of  Iran** 
portation  being  so  low  is  that  tlie  elcctH'C  Htreet-rar  is  easily  con- 
trolled, oan  be  atarted  and  etoppod  at  small  expense,  and  re^uiree 
no  private  roadbed  or  right  of  way.  The  effect  of  this  reduction 
in  time  and  cost  of  transportation  is  to  iuoreaae  the  available  area 
and  diminiab  the  density  of  urban  population.  This  rapid  transit 
acts  as  a  distinct  chcclc  to  the  modem  tendency  of  overcrowding 
city  districts.  It  a\'crages  more  nearly  the  values  of  real  etttate 
and  improvea  hygienic  condition*.  In  1902  the  number  of  paesen- 
gers  reported  tti  hiivi:  been  carried  by  the  trtcam  railroads  of  the 
United  States  was  about  600  millions;  while  those  carried  by  the 
electric  railroads  was  about  4800  millions;  or  eight  times  aa  many. 
The  average  steura- railroad  distance  of  travel  wa-s  30  miles  for  a 
fare  of  60  cents  or  \'ery  elightly  over  2  cents  per  mile.  The  average 
electric  street-railroad  fare  was  very  nearly  5  oents.  Tho  electric 
railroads  carried  the  entire  population  on  the  average  63  times 
during  the  year;  while  the  steam  railroads  carried  the  population 
nearly  8  times.  But  whereas  the  steam  railroad  paamngers  carried 
had  increased  only  5%  in  the  decade  prior  to  1902,  the  electric 
psflsengers  carried  had  incrc&acd  137%  in  tho  same  time. 

Kot  only  has  the  electric  railroad  given  cheap  and  convenient 
urban  and  suburban  traveling;  but  it  has  also  largely  removed 
the  preexUting  discomforts  of  such  travel  due  to  dust  and  smoke, 
M  that  electric  railroad  traveling  is  frequently  resorted  to  for  pleas* 
nre;  while  steam  railroad  traveling  is  usually  only  resorted  to  for 
reacbiag  a  destbation. 

Ftom  a  constructive  standpoint,  electrical  engineering  has  liad 
a  marked  bPnefieia!  influence  upon  other  branches  of  engineering. 
For  example,  it  has  developed  the  capacity  of  steam  and  hydraulic 
prime  movem.  Tho  largest  stationary  steam  engines  and  the  largest 
hydraulic  turbines  have  l>een  called  into  existence  by  the  demand 
for  electric  power  di^ributione.  The  high-speed  reciprocating 
steam  engine  wad  developed  to  meet  the  requirements  of  dynamos. 
The  most  recent  and  highest  speed  type  of  steam  engine — the 
steam  turbine  —  could  hardly  have  been  utilized  or  developed 
for  stationary  work  in  the  absence  of  electric  power  plants.  These 
eteam  turbines,  while  only  of  very  recent  growth,  offer  a  working 
efficiency  comparable  with  that  of  the  best  reciprocating  steam 
engines;  while  they  have  markedly  reduced  the  expenae  of  ma- 
terial, construction,  floor-space, foundations, and  operation.  At  the 
present  rat«  uf  progrceo,  it  would  scorn  a«  tbougb  the  reciprocating 
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steam  engine  wouM  eventually  bo  superoeded  by  the  rotary  Bt^am 
engine.  Conversely,  this  improvement  b  Btoam  en^eeriDg  is  re- 
acting to  the  benefit  of  electrical  engineering  by  reducing  the  size 
and  cost  of  Bteam  dyn&inos  and  tlie  pnce  o!  electric  pov^er  in  dis- 
tribut  ing-aystema. 

The  development  of  any  one  branch  of  engineering  inevitably 
stimulates  oifaer  branches.  The  reduction  in  the  cost  of  electriv 
power  for  machine-driving  thus  promote*  activity  in  the  construc- 
tion of  nil  kinds  of  machinery. 

The  development  of  electrical  eogiueeribg  has  also  tended  (o  in- 
crcaw  the  uccunkcy  and  precision  of  other  branches  of  engineer- 
ing; fimt,  by  xiiuplifytng  the  deliver>'  and  meaaurement  of  power, 
and  aecond,  by  the  iDtroduction  into  engineering  of  a  scieotific 
system  of  unitH. 

Mechanical  power  in  delivered  from  one  body  or  system  to  another 
through  mecboiiical  contact,  or  the  pressure  of  one  materia)  sys- 
tem upon  its  neighbor.  In  general,  the  power  transmitted  is  equal 
to  the  product  of  the  effective  pressure,  or  tenaion,  and  the  velocity 
at  which  it  is  delivered.  In  moet  cams  it  is  very  difficult  to  deter- 
mine the  magnitude  of  the  effective  prefuture.  In  the  electric  tran*- 
tnissiou  of  power,  the  power  is  delivered  through  an  electric  con- 
ducting circuit,  and  while  in  the  circuit  ia  equal  to  the  product  of 
a  certain  voltage  and  a  certain  current  strength.  This  product  — 
the  electric  power  —  is  readily  capable  of  precise  measurement. 
Consequently,  the  uio»t  convenient  and  accurate  method  of  meaa* 
luing  the  delivery  of  mecbanical  power  is  usually  by  electrical  means 
tbroiigli  the  intervention  of  an  electric  circuit.  Thus  the  power 
which  a  mac^hine  receives  from  moment  to  moment  in  the  perform- 
ance of  its  duty,  or  the  total  energy  which  it  receives  in  the  course 
of  a  given  period  of  time,  may  be  dctennined  with  great  oonven* 
ience  and  a  high  degree  of  commercial  accuracy  by  electrical  mea»- 
urlng-iastruinents  placed  in  the  circuit  of  a  motor  couplM  to  the 
machine.  By  tlie  accumulation  of  such  observations  and  expe- 
rience the  knowledge  of  the  behavior  of  machinery  has  been  greatly 
augmented  Kinco  the  general  introduction  of  dynamos  and  mo- 
tors. 

It  ie  a  remarkable  fact  that  in  spite  of  our  tack  of  knowledge 
ae  to  the  precise  fundamental  nature  of  electricity  and  magnetiaoi, 
the  knowledge  of  their  action  and  control  should  already  be  so 
definite  and  precise.  In  many  instances  it  te  possible  to  deaign  and 
predetermine  the  behavior  of  electric  machines  sa  closely  as  it  is  pos- 
sible to  determine  their  behavior  experimentally  after  being  built, 
under  commercial  or  factory  conditions.  That  is  to  say,  a  skilled 
designer,  accustomed  to  a  certain  class  of  dynamo  machines,  can 
frequently  compute  the  characteristic  properties  of  »  new  dynemo 
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or  motor,  as  laid  out  od  paper,  to  as  cloae  a  degree  of  accuracy  as 
those  pryperlies  can  be  inca«ure<l,  under  comiiiercinl  conditions, 
aft«r  the  machine  takes  material  form.  This  geneml  prccii^ion  of 
deetrioal  engineering  has  aided  engineering  in  general  to  hooome 
OQ  exact  ecieuce. 

Qectrical  engineenng  has  adopted  by  iDternntioDrLl  convention 
a  system  of  electromagnetic  units  which  is  based  upon  the  inter- 
Dational  metric  system,  ftiid  which  has  the  ndvantagi^^e  of  being 
rimpk,  di-cimul,  and  intcmationul.  This  bus  tended  to  give  pre- 
cision and  de&niteness  to  all  electrical  englneerine  measuremcuts. 
In  other  branches  of  engineering,  the  custom  varies  in  different 
countries.  Thus,  to  hydraulic  engineering,  the  cubic  foot  (of  water), 
the  cubic  yard,  tlie  short  ton,  the  long  ton,  the  metric  tou,  the  liter, 
the  British  gallon  and  the  U.  S.  gallon  are  all  promiscuourfy  used  in 
such  a  manner  that  measurements  in  one  country  are  frequently  un- 
flvailablo  to  enginocre  in  other  countrica  without  lengthy  arithmetical 
reduction.  'Hiis  is  a  most  unfortunate  diversity.  Again,  in  mcrhan- 
ical  engineering,  the  font-pound-per-secoud,  tlie  foot-ton-per- 
second  (long  and  short),  the  British  horse-power,  the  European 
continental  horso-power,  the  ponrelet,  and  the  kilograiniiie-uietef- 
per-eecond,  are  al!  in  use  as  units  of  power.  Unless  qualified  iis  to 
standard  geographic  latitude,  they  are  all  subject  to  variation  within 
a  quarter  uf  one  per  cent  above  or  below  the  mean,  owbig  to  the  va- 
riation in  the  force  of  gravitation  with  terrestrial  latitude.  On  the 
other  hand,  the  eleotrie  unit  of  power,  the  watt,  Ls  indejjendent  of 
the  latitude,  or  even  of  the  planet,  and  besides  Ijeing  an  intema- 
tionul  mcirhanical  unit,  b  also  an  electrical  circuit  unit.  For  these 
re&aons  the  kilowatt  (1000  watts  or  about  H  horse-poiv'er)  is  at 
present  steadily  displacuig  the  horse-power  in  engineering  litexa- 
ture,  all  over  the  world. 

Electrical  engineering  has  exercised  a  marked  intolleetual  in- 
fluence upon  the  time,  in  the  direction  of  mathematics,  Applied 
electricity  is  pnnicularly  subservient  tu  simple  mathematical  law, 
wbieh  is  but  another  way  of  stating  that  the  present  applications 
of  electricity  are  well  understood.  Prior  to  the  dcvclwpint!nt  of 
electrical  engineeriug,  the  iiaeful  applications  of  mathematics  to 
engineering  were  almost  hmitcd  to  mechanics,  statics,  and  kinetics. 
Now,  electrical  engineering  ha.s  thrtnvn  ojjcn  to  application  the 
entire  stock  of  mathematical  physics  which  has  been  aceumulatii^ 
for  several  centuries.  Consequently,  it  is  now  not  only  difficult  to 
find  a  department  of  matbcmatical  ncience  whirh  does  not  have 
applications  useful  in  ongineoring;  but  engineering  has  also  found, 
and  is  constantly  discovering,  new  field.^  for  profitable  exploration 
by  the  mathematician.  In  the  last  few  decades,  departments  of 
niatheiiiutical    unalyeie  which   had  previously    been    regarded   as 
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pure,  or  inapplicable,  are  now  Ktrained  to  tbeir  known  limi(a  for 
giving  pmcticul  eervicc  to  cngiueers.  Moreover,  there  are  nmuy 
directions  in  wliioli  engineering  would  be  applied,  if  mathomatics 
could  only  gaiu  a  reliable  foothold  ou  the  outcrop. 

In  tuiy  new  application  of  science,  first  cornea  the  fact  discoverer, 
then  the  mathetnaticiau,  who  quaiititatively  connects  the  nCwIy 
discovered  pheuomeDOD  with  the  known  environment.  N'ext  iu 
aucee^on  'u  the  inventor,  who  grasps  the  utilitarian  possibility  of 
the  fuct;  then  the  eiiguieer,  who  grasp»  the  cssmtiul  portions  of 
the  already  enunciated  mathomatienl  law,  and  relates  the  same 
to  commercial  and  constructional  conditions.  Finally,  the  capitalist 
grasps  from  tlie  engineer  the  commezcial  limitations  of  the  reduced 
law  and  cstinmtCB  the  commercial  values  of  the  utility,  venturing 
capital  upon  the  new  possibility  on  the  risk  of  its  dcarability  or 
undmrubilily.  In  rare  caaes  it  is  posable  for  any  succesnive  num- 
ber, or  all  of  these  intellectual  stages  to  be  reached  in  ono  and  the 
same  individual;  but  it  aecms  to  be  a  general  sociological  and  in- 
tellectual luw  that  tlio  <;apitaliHt  will  not  risk  the  savings  of  paat 
labor  on  a  new  application  of  science  until  the  engineer  has  intel- 
lectually assimilated  the  problem  from  an  arithmetical  stand- 
point, with  duo  regard  to  physics  and  mechanics  ou  the  oas  hand 
and  to  the  cost  of  factory  processes  on  the  other.  In  his  turn  the 
engineer  is  often  tmable  to  grasp  the  problem  arithnwticaliy  until 
the  mathematician  has  intellectually  apprehended  and  elucidated 
the  quaniitAtive  scientific  relations  of  the  problem  to  a  reasonaUe 
degree  of  complotonese. 

niUM,  for  exnmpic,  oon-iidcring  the  mtidem  dynamo,  first  came  the 
discovery   of   the   plienonienon    of  electro-magnetic   induction   by 
Faraday;  then  the  norlt  of  mathematicians,  like  Ohm  and  Ampdre, 
to  determine  the  quantitative  relationa  of  the  phenomenon  to  the 
known  cosmos.    Thus  far  the  matter  was  pure  science.    Tlien  came 
inventors  who  conceived  the  idea  of  titilixing  the  new  principle  for  the 
industrial  generation  of  electricity.    Unless,  however,  the  in\'cnlor 
was  himself  an  cngmocr  or  was  uesiatod  by  an  enguieer,  the  idea 
would  have  been  practically  unavailing,  however  importJint  the  idea 
might  be  in  directing  attention  to  the  possible  use  of  the  new  phe- 
nomenon.   The  work  of  the  engineer  was  next  necessary  to  (keiga| 
the  machine.     This  he  could  only  do  effectively  act-onUng  to 
apprehension  of  the  mat hemnt ic.il,  physical,  and  mechanical  unc 
lyiug  laws  iilceady  discovered,  nnd  the  appUcalion  of  those  laws  in 
such  n  miuiuerua  to  fit  factory  met  hods  of  construction  economically..' 
Then  came  the  capitalist  ready  to  venture  the  accumulated  Raving 
of  the  commiuiity  he  represented,  upon  the  project  of  building 
dynamos  for  commercial  purposes,  as  soon  as  he  was  satisfied  as  If  ' 
the  commercial  desirability  and  economy  of  the  new  process. 
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In  reality  the  modern  lurgc  dyoamo  bus  bad  to  undergo  many 
sucli  (tucce8»ive  Ktagea  of  ititellRctual  aud  material  preparation, in 
ortler  to  reach  its  preeent  »(agc  of  development.  Frequently  the 
capitalist  would  liu\'e  preferred  to  instull  lurj^r  dynamos  thati  existed 
at  the  time,  but  could  not  rUlc  their  being  unduly  enlarged  because 
the  engineer  could  not  be  sure  of  the  results,  and  the  caginecr  could 
not  see  bis  nvay  clear  for  irant  of  existing  Kcieiitifm  und  malhuiimtical 
knowledge  in  the  direction  considered. 

Although  the  above  sequence  of  relations  ia  generally  admitted  to 
be  self-evident  ou  consideration,  >xt  the  perception  of  theite  rclutiona 
by  the  community  at  large  seems  to  be  a  matter  of  social  and  eco- 
nomical ini|H)rtanoe ;  because  the  moreclearly  that  organized  society 
apprehends  the  atepe  of  the  processes  by  which  it  ultimately  secures 
trbat  it  need»,  the  more  effectively  it  is  likoly  to  stimulate  the  acti\n- 
ties  which  lead  to  th<»Be  steps.  It  is  of  inifjortance  to  the  whole  world 
that  there  should  be  an  adequate  distribution  of  activity  in  all  theoe 
Mages  of  effort  to  secure  new  gifta  from  nature.  There  should  be 
plenty  of  work  in  pliyaieal  and  scientific  laboraturiea  for  the  discovery 
of  new  facts.  There  should  also  be  plenty  of  mathemaiical  work 
carried  on  to  interweave  and  eonnect  these  facts  with  the  great  uni- 
verse of  quantitative  relatione.  There  should  be  plenty  of  stimulus 
and  reward  for  inventors  to  lind  u.'^eful  applications  for  the  new  facts. 
Tliere  should  be  plenty  of  engineering  work  devoted  to  controlling 
the  facts  by  reducing  the  purely  mathematical  relations  of  all  time  to 
the  commereiul  mathematical  relatione  of  the  locality  iui<l  moment- 
ary time.  Finally  there  should  be  abundant  opportunity  for  the 
buBmesB-mcn  acquainted  with  the  needs  of  the  community  to  ascer- 
tain the  results  and  possibilities  of  engtneering  development  as  well 
M  adequate  reward  for  the  succesaful  investment  of  capital  in  such 
enterpri-sefl  as  they  consider  the  engineers  can  offer  and  the  commun- 
ity will  accept. 

In  line  with  thene  idens  it  ts  found  that  eveu  to-day  large  mduBtriu] 
corporations  finance  new  scientific  applications  in  their  line  of  work, 
maintain  their  own  corps  of  engineers  and  invcnlorSj  imd  their  owi» 
research  laboratories  with  eciontilic  experts.  Already,  therefore, 
the«e  corporations  con.iider  that  it  is  economically  desirable  to 
develop  simultaneously  in  their  own  body  all  these  successive  stages 
of  Intellectual  and  material  cflfort.  If  this  be  the  trend  of  individual 
engineering  industries,  it  is  reasonable  to  expect  that  the  future 
trend  of  larger  communities  will  be  in  a  similar  direction.  That  is  to 
say,  cities  or  nations  may  in  the  future  consider  it  economical  to 
foster  either  directly  or  indirectly  any  or  all  of  these  etages  of  intel- 
lectual activity  which  conjointly  lead  to  new  material  wealth,  on  the 
principle  that  properly  organised  octinty  for  any  purpose  ie  more 
effective  than  spontuneous  sporadic  and  disorgiuiizcd    efforts  of 
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iodividuals  in  the  same  dire<:tion.  Wonderful  possibilities  \ie  before 
orgauiji'd  scieotilic  research  oud  urgnuiied  creative  eiigioeeriug 
bsscd  upon  tho  satnc. 

From  ihe  psychological  standpoint, electrical  cnginocring  has  come 
to  exercise  a  mikrked  influeoce  upon  civili^ntioa.     These  psycho-  _ 
Idgtcul  coiidilioDS  are  ijitportftiit,  becau^  il  we  compare  ibe  von-f 
dition  of  the  world  to-day  with  thut  which  is  reflected  to  us  from  the 
histoi>'  of  past  times.we  are  impelled  to  recognize  that  there  are  two 
salieut  diilercuccs  betvt-eeu  Ibem.  Oiie  is  the  increase  in  later  timea 
of  jnateriul  wealth,  iQcludiog  proccjises,  uttliticu.  and  coavvuieDoea, 
such  as  steel  structures,  the  railway,  or  the  printin^i-presa.  The  other 
ia  the  change  in  the  general  mental  attitude  of  human  beings  toward 
each  other  and  t-oward  their  surroundings.  That  in  to  euy,  one  salient  X 
change  is  niaierial  in  its  nature;  while  the  other  is  psyi'liological.  It^ 
cannot  be  denied  that  both  are  of  great  importance  to  the  progress  of 
civilixutioQ,  and  perbapa  the  onu  is  as  important  as  the  other.    The 
attitude  uf  mind  of  the  ancient  Egyptians. as  reflected  m  their  writings 
and  remanent  structures,  muat  have  been  markedly  different  frotn 
that  of  the  Greeks  in  the  days  of  Homer,  or  from  t  hat.  of  the  Ilomaus 
under  Nero,  or  from  that  of  Kuropeaiis  during  the  Middle  A|;es.  or 
from  that  uf  the  people-s  in  the  modem  civilised  world.    In  a  certain 
seam,  the  psychologic  a)  condilion   reflected   in   a  cooimuniiy   Inui- 
Bccnda  m  importance  its  material  condJttonsr  The  development  of 
a  worthy  and  potent  psychological  condition  in  a  people  is  even  more 
important,  fmm  this  view-point,  thaii  the  development  of  a  great 
and  ample  material  condition.    The  one  i«  probably  necessary  to  _ 
a  highly  developed  state  of  the  other.  B 

The  effect  of  electrical  engineering  applicationa  on  the  psycho- 
logy of  the  commtmity  has  been  greatly  to  extend  the  radius  of 
mental  influence  of  the  individual.  In  the  days  before  the  diacovery- 
of  written  language,  the  intellecHml  sphere  of  infliioncc  of  so  indi- 
vidual was  limited  in  radius  to  that  distance  at  which  hit  voice  could 
be  beard.  Beyond  that  distance  \m  inQuence  coidd  only  be  trans- 
mitted cither  Ijy  his  pcraonul  migratiun  with  respect  to  his  neighbors 
or  by  the  migration  of  his  auditors  and  their  repetition  of  his  ideas 
from  memory.  Gradually,  after  writing  became  a  familiar  mental 
habit,  written  words  superseded  repeuted  epcoch,  and  document,  M 
tradition.  Writing  thus  vastly  increased  the  effective  sphere  c4  B 
psychological  influence,  although  the  diffusivily  of  the  new  method 
muet  have  t>een  but  small.  Engmeering  steadily  enlargetl  the  sphere 
of  mfluence  by  developing  the  press,  the  railroad,  and  the  steamship, 
by  which  the  written  word  could  be  reduplicated  and  carried  faster 
and  farther.  The  old  semaphore  telegraph  from  hU!  to  hill,  still  found 
in  variounpartsof  Europe  in  sequestered  desuetude,  went  astcpfurther 
and  added  tipeed  to  the  travel  of  thought;  but  the  electric  telegraph 
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and  telephone  have  enormously  increased  the  range  of  mental 
infliu-nce.  Even  now  the  fetters  of  thought  are  oloAtng  upon  the  arms 
of  th«  oc^&n,  and  wireless  telegraphy  proinvses  iu  time  to  extend  the 
Imnsfcr  of  ideas  to  tfa«  uttvnnCBt  dixtanccs  uf  Ihu  sea.  The  vCfcct  is 
multifold.  The  tendency  Li  always  for  the  best  intelligence  to  have  its 
iuaueuce  most  widely  diBtrihuled.  considering  the  best  as  that  which 
the  community  esteems  beet  at-  the  time;  w  that  the  extension  of 
the  range  of  mental  influencealwaya  tends  for  the  benefit  of  the  many 
and  the  seleplinn  of  the  fittest.  The  consciousness  of  the  individual 
being  able  to  influence  his  neighbors  at  any  distance  on  the  planet 
gives  him  grejifer  confidence  in  the  sui-eess  of  undertakings  dependent 
for  their  effect  upon  widespread  rooperation.  The  consciotwness  of 
ibe  individual  that  he  is  always  within  the  sphere  of  influence  of  his 
lender  exerts  a  groat  psychological  supporting  influence  in  times  of 
difficulty  and  doubt.  It  is  equivalent  lo  a  bridging  over  of  the 
distance  between  the  strong  and  the  weak.  Any  one  who  has  ever 
received  from  land  a.  telegram  when  far  out  at  s&o.,  cither  by  wireless 
telegraphy,  or  by  a  lifted  submarine  cable,  will  testify  to  the  intensity 
of  this  psychological  influence. 

According  to  the  ceiimis  returns  of  1902  the  number  of  telegrams 
forwarded  commercially  during  th»t  year  in  the  United  States  was 
01,650,000;  or  \.'2  telegrams  per  annum  per  head  of  population,  ikt  an 
average  cost  per  message  of  m.8  cents.  In  the  same  year  the  number 
of  reported  telephonic  conversatiooB  in  the  United  Slates  was  nearly 
4950  millions,  or  65  per  head  of  population,  at  an  average  cost  per 
conversation  of  1.65  cents, 

Alongwith  the  swift  nnd  extended  radius  of  thought  that  electrical 
■  ongbeering  offers,  by  the  mutual  relations  of  immaterial  mentality 
and  the  immaterial  ether,  there  is  also  necessarily  involved  a  reduc 
tion  of  psychological  restraint  and  an  extension  of  pgyeholopeal 
freedom.  A  part  at  least  of  the  discomfort  of  human  bcbga  often  a^i^^eH 
from  ft  distonformity  between  their  modes  of  thought  and  of  their 
mental  relations  to  those  of  the  individuals  surrounding  them. 
Occasionally  an  individual  who  is  psychologically  ill-adjusted  to  his 
environment,  and  who  is  therefore  ineffective  m  his  cooperation  with 
it,  may  subsequently  become  more  usefully  effecti^'e  in  response  to 
acbanged  mental  environment.  The  greater  and  swifter  the  radius 
of  thought  activity  under  the  influence  of  engineering  mclhoda,  the 
greater  the  stimulation  to  migration  that  leads  from  a  leaser  to  a 
greater  harmony  of  adjustment  between  the  internal  and  external 
mental  activities  of  the  individual,  to  the  increase  of  general  comfort 
and  well-being.  The  segregation  of  associable  mental  activities  is 
simplified  and  rendered  friclionless  by  whatever  extends  the  rate  and 
range  of  ideas. 

In  its  moral  effect  upon  the  community  at  large,  electrical  engineer- 
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ing  must  have  the  same  effect  as  all  other  branches  of  engineering; 
namely,  to  dispel  illusion,  dignify  all  labor,  exalt  truth  and  precision, 
gradually  eliminate  superstition,  bring  home  to  consciousness  the 
infinite  simplicity  of  nature,  and  indicate  that  no  good  thing  can  be 
humanly  acquired  without  effort  and  training. 

In  a  certain  sense  engineering  is  destined  to  assist  in  effecting  the 
apotheosis  of  humanity.  Every  step  taken  by  the  people  along  the 
path  of  civilization  makes  degeneration  to  dissociative  barbarism  the 
more  difficult  and  unlikely.  The  methods  that  men  adopt  to  subject 
the  immediate'  universe  to  their  will  react  by  subjecting  their  will  to 
the  laws  of  the  universe.  Centuries  ago  men  dreamed  of  the  cixnliza- 
tion  that  they,  by  xmiting  and  cooperating,  might  initiate  for  their 
successors  to  attain.  Already  that  civilization  has  so  far  dawned  that 
it  has  modified  us  to  its  requirements,  and  wg  live  for  it  as  well  by  it. 
The  difficulty  of  fitting  ourselves  for  it  is  greater  than  that  of  fitting 
it  for  us.  Whatever  modifications  civilization  may  undergo  in  the 
course  of  time  must  be  molded  in  accordance  with  the  developments 
of  engineering,  which  are  themselves  but  the  interpretations  into 
human  ideals  of  the  attributes  of  nature. 
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Enginekkinq  problems  difler  from  crude  scienlific  problems 
by  the  defijuteiiesw  of  their  aim.  Tlipy  are  created  by  the  iuduj!- 
trial  development  of  the  country,  and  their  flolution  forma  the 
next  step  in  the  progress  of  this  development.  The  problems  in 
pure  science  do  not  have  this  intimate  connection  with  the  present 
state  of  the  lechntcal  arts;  they  nPfect.  it  in  bo  fur  only  as  their 
solution  contributes  additional  means  for  the  solution  of  the  exist- 
ing engineering  problcma  and  leads  gradually  to  the  formulation 
of  new  ones.  Publii;  demand  is  the  driving  force  which  impels  the 
engineer  in  his  study  of  any  given  problem;  the  loosest  kind  of  a 
couplbg  connects  the  work  of  the  crude  scientist  with  public  de- 
mand. This  does  not  mean,  of  course,  the  existence  of  any  piihliu 
indifference  in  this  respert.  The  intelligent  public  watches  with  keen 
interest  the  steady  progress  of  pure  science;  partly  on  account  of 
the  intellectual  pleasure  which  one  derives  from  the  contempla- 
tion of  the  beautiful  mechanism  which  purely  scientific  research 
reveals  in  tJie  background  of  various  physical  phenomena,  but 
principftlly  on  account  of  the  recognized  fact  that  the  progress  of 
pure  science  leadw  to  the  formulation  of  new  engineerinii;  problems, 
the  solution  of  which  is  essential  to  our  immediate  social  progress, 
our  moral  and  material  development.  The  intelligent  public  knows 
with  a  certainty  amounting  to  mathematical  accuracy  when  the 
time  is  ripe  for  the  formulation  of  new  engineering  problems,  and 
it  i»  ready  then  to  lend  its  strong  support  to  tiie  engineer  who  offers 
a  solution.  When  Bell  discovered  a  method  of  obtaining  an  elec- 
trical facsimile  of  articulate  speech,  and  constructed  the  lirst  tele- 
phone which  represented  an  embodiment  of  his  great  discovery, 
the  intelligent  public  understood  readily  that  the  time  was  ripe 
for  the  formulation  of  a  new  engineering  problem,  the  problem  of 
tranamission  of  speech  over  long  distances.    It  was  ready  then  to 
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contribute  choerfuUy  its  sliare  to  the  sncrifict's  whicb  had 
oftcrMi,  ill  order  to  obtain  a  itatiAfactory  solution  of  this  great  etigin- 
eerttig  problem,  It  Is,  indeed,  not  n  mere  accident  that  the  most 
intvlligciit  etutc  of  tbis  union,  (he  stutc  of  MnisoachuMttc,  contrib- 
uted far  more  than  any  other  state  to  the  sacriRces  which  had  to 
be  offered,  in  order  to  develop  Bell's  remarkable  diftcovery  and 
invention  into  the  greater  civilizing  ageut  of  modem  linies. 

These  are  the  considerations  which  guided  me  in  answering  the 
question:  Which  of  the  many  elentrical  pniMems  of  to-day  should 
be  considered  as  the  "Electrical  Engineering  Problems  o(  the  Pre- 
eent  "nmc"?  Evidently  those  electrical  problems  must  be  selected 
the  solution  of  which,  in  the  opinion  of  all  competent  judges,  repre- 
sent the  next  step  in  the  evolutionary  progress  of  the  existing  elec- 
trical industries.  Vague  and  indefinite  propositions,  »uoh  a»,  For  ■ 
instance,  the  direct  transformation  of  the  chemical  enerRy  of  bum-  | 
iiig  coal  into  electrical  energy,  the  generation  of  cold  light  by  elec- 
trical procenees,  and  90  forth  and  so  on  ad  infinitum,  muett  be  ex* 
eluded  from  this  discussion.  They  are  not  in  any  sense  of  the  word 
electrical  onginccring  problems.  The  problems  diecuesed  here  re- 
late to  (ho  exl^iiftion  of  the  exinting  methods,  which  have  been 
eunclioncd  by  long  practice,  in  electric«]  traction,  electric  Ugbllog, 
telephony,  wireless  traneauBsion,  and  ordinary  telegraphy. 

The  Electrical  Traction  Problem 

Electrical  traction  hag  been  developing  steadily  during  the  last 
twenty-five  yeare  and  hn.s  covered  the  field  well  which  was  originally 
mapped  out  for  it,  namely,  the  transportation  of  light  iroOic  over 
comparatively  short  distances.  Within  these  limits  it  has  dune  its 
work  admirably,  surpassing  even  the  most  sanguine  expectattooi 
of  its  original  promoters.  These  results  encourage  the  public  and 
the  engineer  in  the  belief  that  the  time  is  ripe  fur  the  formulatioa 
of  the  new  electricBl  traction  problem  and  for  its  satiRfactory  aolu- 
tioiL  ■ 

The  new  electrical  traction  problem  is  the  problem  of  nibaCitu-  ' 
tion  of  electric  power  in  place  of  the  trteam  locomoti\-e  on  trunk 
lines;  it  is  the  problem  of  heavy  electrical  traction  over  long  dis- 
tances. The  problem  can  be  more  clearly  stated  by  referring  to  a 
specific  caae.  Let  us  suppose  that  the  Pennsylvania  Railroad  Com- 
pany has  derided  to  consider  the  advisability  nf  equipping  its  UnM 
between  New  York  and  Philadelphia  with  electric  power,  and  that 
with  thia  end  in  view  it  has  obtained  a  sufiieicutly  large  number 
of  reports  from  comi»ctent  electrical  traction  exports.  E^-ery  one  of 
these  reports  would  contain  a  careful  examination  of  the  problem 
imder  discussion,  that  is.  the  problem  of  hcavj-  eleclricul  tractioa 
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over  &  diManoe  of  one  hundred  inilett  which,  in  the  present  stale  of 
the  art  of  heavy  electrical  traction,  is  cert-ainly  a  long  distance,  tt  is 
highly  probttble  tlitit  no  two  out  of  a  Inrgv  tiimiber  nf  1het»e  reports 
WDuld  agree  oveii  approxjoiutely  in  all  the  detuiJs  involved  in  the 
problem,  b«cause  there  is  no  doubt  that  there  arc  a  coneidcmble 
number  of  pel  svlietues  iu  lieavy  electrii-al  trnctioii,  eaclk  one  of 
which  bag  its  ard&iit  adnurers  and  stanch  champions.  Nevertbe- 
lees  it  is  fairly  crrtuin  that  they  would  ull  agree  on  the  vital  questions 
involved  in  tlie  prcibleni.  These  queRtionR  are:  First.,  ran  the 
exi^tiDg  methods  of  elcctrival  power  distribution  over  a  di^ance  of 
e,  hundml  miles  lake  care  of  heavy  trartion?  Second,  would  aub- 
dtantial  adminiatrativa  advantages,  capable  of  increasing  the  capac- 
ity of  the  existing  tracks,  result  from  the  substitution  of  electrical 
power  lor  the  atcain  locomotive?  Tliird,  could  the  continuity  of 
eerviee  be  autlieiontly  well  aerured? 

The  answer  to  the  first  quegtion  would  undoubtedly  be  in  the 
afiirinative  in  every  one  of  these  reports.  The  powerful  electrical 
loconiotivo  recently  conetructed  by  the  Cicncral  Electric  C'ompjiuy  for 
the  New  York  Central  Railntad  and  the  exiierinientui  rettults  ob- 
tained with  it  leave  no  room  for  any  reasonable  doubt  that  elec- 
trical tracliou  machines  enii  be  built,  which  will  take  care  of  any 
practieable  load  and  at  any  praeticabte  speed.  The  Westiughouse 
Electrical  Mnnufacturing  Company  of  Pittsburg  is  completing  for  the 
Swedish  Gov-criuuent  a  hejivy  traction  elcctriciil  locomotive,  wbieh 
IB  considered  by  some  to  be  even  an  advance  upon  the  olectricftl 
loccHDOtive  of  the  General  Electric  Company  just  referred  to. 

The  an»u'er  to  the  i<econd  (:)uei<tion  would  also  be  decidedly  in 
the  affirmative  in  every  one  of  these  reports.  Very  sub^antisl  ad- 
vantages would  eertuinly  arise  from  the  substitution  of  the  elec- 
trical motor  for  the  .steam  locomotive.  Our  entire  experience  w*ith 
electrioal  traction  -so  far  justifies  this  belief,  and  these  advantages 
are  so  numerons  mid  w  self-evident,  that  a  specific  diatuspion  of 
ex-ery  one  of  thorn  would  1»  entirely  beyond  the  scope  of  thia  paper, 
and  would,  bewdes,  be  entirely  superfluous.  Suffice  it  to  slate  here 
briefly  the  two  chief  advantngeB  which  would  arise.  They  are,  first, 
the  possibility  of  running  smaller  trains  at  much  more  frequent 
inter\'flla;  swrondly,  higher  speeds  with  greater  safety  could  bo 
obtained.  This  means  a  very  substantia!  saving  of  time  and 
the  resulting  grout  mcretuu:  in  the  transportation  capacity  of  the 
cxiflttng  traclta. 

In  the  popular  mind  the  substitution  of  electrical  power  for  the 
steam  locomulive  w^-nitt  lo  convey  the  idea  that  the  ehief  object 
of  this  substitution  is  the  saving  of  power;  but  nothing  is  as  far 
from  the  actual  point  at  issue  as  a  view  of  thi.s  kind.  The  coal-bill 
ia  a  small  item  in  the  operating  expenses  of  a  road,  and  cuts  no 
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figure  in  (lie  slu<iy  of  Hie  problem  before  uh.  The  cost  of  the  equip- 
ment ia  a  different  mwter;  it  docs  cut  a  v«ry  imporlttct  figure 
ill  the  operating  txpenses  cf  tlit:  ro^l,  anil  it  KCems  to  be  udimtl«d 
mi  oil  8id«8  that  the  cost  of  the  electrical  traction  equipment 
nould  bo  conuLdGmbly  higher  thao  that  which  accompADics  the 
employment  of  the  stt-utit  locomotive.  But  the  incrt'aM:d  trmispor- 
lutiou  capacity  of  the  tracks  and  the  increased  asfet)'  of  traus- 
portatton  would  and  should  more  than  balance  this  inercaw  in  the  _ 
COM  of  equipmeii  I .  | 

The  third  question  is:  Cao  the  continuity  of  service  be  eufii- 
ciently  wtU  secured  with  the  prevailing  methods  of  electrical  trnc- 
tion?  To  find  u  toniplete  aiid  satisfactory  answer  to  thi»  question 
is  tiie  mo8t  diflicult  part  of  the  problem. 

With  the  prei*eiit  method  of  steam  locomoti^-e  traction  every] 
train  with  its  locomotive  is  an  indepeuJenl  unit,  so  that  an  acci- 
dental derangement  of  any  one  of  the  imits  does  not  interfere  veni* 
wriouctly  with  the  operation  of  the  rest  of  the  road.  A  Uisxord  or 
a  flood  may,  to  be  sure,  cause  a  suspension  of  opernt  ions  ou  the  n'bc^a 
road,  but  iiolhiuK  short  of  thi«  initntctU  action  of  the  cleiuvnts  is 
cnpable  of  producing  this  reault.  In  electrical  traction,  on  the 
oliicr  linnd,  the  various  uuits  on  the  road  are  all  interconnected 
througli  the  cunductiiiK  wires  which  connect  ihcui  with  the  power 
Ntatioua.  Any  accident  which  suapends  the  operal ivenem  of  a  power ^ 
fttntiou  will  bring  to  a  standstill  the  whole  traffic  on  the  Metion^ 
which  is  fed  by  thai  particular  station.  This  difficulty,  however, 
exists  also  in  the  olcclrical  distribution  of  power  for  lighting  pur- 
poses in  Inrge  lou'ns,  and  paKt  exp<!rience  kHok's  that  the  present 
methods  of  electrical  central  station  construction  and  nuuiage- 
numt  make  the  risks  of  diticontinuity  in  the  service  on  this  score 
extremely  lanall.  It  must  bfe  remembered,  however,  that  dislri- 
bution  of  p<nver  for  lightijig  purposce  in  large  tomis  employs  un- 
derground (conductors,  which  is  one  of  the  most  effvctivb  meuaii 
of  protecting  the  continuity  of  sen*iee  against  the  hostile  action  of 
eeasons  and  clmicnts.  In  hca^'y  electrical  traction,  tuiderground 
conductors  are  out  of  queAtiou  for  reaaona  wliich  are  so  evident 
that  they  need  no  further  discussion.  This  uitroduces  one  of  the 
moHt  seriuuEi  diQicultivs  into  our  problem. 

The  third-rail  method  limits  the  practicable    electrical  pr 
at  which  tbe  electrical  energy  is  co»\«yed  into  the  tmin;   besic 
it  introduces  the  very  serious  difficulty  of  muinluiniog  a  sufficienlly 
good  electrical  contact  during  tlie  winter  season  when  the  grouiiilj 
is  covered  with  ice  and  stow,  not  to  mention  wwral  other  dil 
oulties  which,  it  is  generally  admitted,  render  the  third-mil  metbo 
entirely   inadequate   to   litravy  electrical   traction.      The   overhcsMl' 
trolley  aeenia,  in  the  opinion  of  the  raajorily  of  competent  engineers, 
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the  only  pennissible  melliod  of  conveying  electrical  energy  from  the 
central  elatioii  to  the  train.  At  any  rate,  this  ia  the  meanui);  con- 
veyed to  my  mind  by  Ihc  fact  that  the  New  York,  New  Hnveu  wid 
Hartford  Railroad  Company  has  a&ked  permigsion  of  the  Icgialaturc 
to  abolish  the  third  rail  and  substitute  in  its  place  the  overhead 
trolley.  But  if  the  overhead  trolley  method  is  to  be  adopted,  then 
the  smaller  the  number  of  wires  employed  to  couvey  the  elec- 
trical energj'  to  the  tniin,  the  better.  This  seems  to  me  to  be  the 
real  memiing  of  the  extrciue  oiixiety  on  the  part  of  the  electrical 
engineer  to  design  an  asynrhronous  Kinglc-phase  alt«mating-curTent 
motor  L-apable  of  dex'eloping  targe  power.  The  rettults  obtained 
in  this  directioa  during  the  last  few  years  are  eucouraging.  and 
they  seem  to  have  bruii);ht  us  very  near  to  the  Bolution  of  the  heavy 
electrieal  traetioii  problem.  Summing  up  the  considerations  di»- 
cua^  above,  it  seems  that  the  composite  judgment  of  the  best 
technical  opinions  van  lie  staled  somewhat  aa  follows!  Couvey  the 
cleotrieal  energy  from  the  station  to  ilie  electrical  locomotive  by 
meana  of  a  ^nglc-phase  alternating  current  at  high  tettsioa,  say, 
20.000  \nl\»,  emplnyiiij;,  of  course,  a  single  trolley-wire.  Let  the 
locomotive  serve  as  a  aub-station  bi  which  the  liigh -tension  current 
is  traneformcd  down  to  a  suitably  low  tcneion,  and  employ  either 
induction  motors  or  ilirecit-current  motoni  to  convert  the  low-ten- 
sion electriL'Bl  power  into  mecbaiiical  propulsion. 

The  pUKsibility  of  employing  ainKle-phuae  altcmutiug  currenta 
contributes  very  materially  to  the  possibility  of  securing  continuity 
of  sen-iec  in  heavy  eiectrieal  traction  by  reducing  the  multiplicity 
of  contacts  to  a  minimum;  theoretically,  one  contact  for  each 
locomotive.  But  that  single  contact  must  be  rendered  as  secure 
u  mechanical  art  can  make  It.  The  trolley-wire  hanging  with  a 
convex  curvature  toward  the  truck  and  supi^rted  on  wooden  poles 
such  as  we  eoo  on  ordinary*  trolloy-roads  would  never  do.  Li  place 
of  the  (limHy  Btructun'a  we  must  have  well-anehored  atoel  towers 
supporting  messenger-wireB  of  eteel  hanging  in  catenary  suspen- 
sion, and  to  these  the  conducting  trolley-wires  are  neatly  and  ae- 
curely  attaehed  so  as  to  be  at  all  of  their  points  parallel  to  the  track. 
The  whole  structure  when  finiahed  looks  like  an  endless  su3pen- 
aion  bridge,  the  steel  towers  being  the  piers  of  the  bridge.  The 
messenger-wire  represents  the  gracefully  curved  span  between  the 
piers,  and  the  trolley-wire  is  the  platform  over  which  the  traffic 
of  the  bridge  i»  maiittained.  Such  t  rolley-linea  have  actually  been 
constructed  and  operated  not  only  out  West  and  in  some  parts 
of  Europe,  as  for  inHtance  on  the  famous  Hcrlin-Zosaen  section, 
but  aUo  on  the  Long  Island  Railroad,  where  electrical  traction 
on  a  somewhat  larger  scale  is  eonteniplatod  in  the  very  near  future. 
Structures  of    this  kind    are  extremely  solid    and    quite  capable 
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of  defying  the  most  stubborn  altacke  of  the  elements,  but  tbcy  an, 
of  course,  expeusive,  and  the  quoetioii  arisen  whether  a  l.runk  line, 
say,  between  New  York  City  and  Pliiladeljihia,  equipped  for  h*'a\'y 
electrical  traction  in  accorilaiice  with  the  most  approved  methtMia, 
ao  lU  to  secure  a  rapid  transport, ation  of  even  the  heavkst  loads 
in  large  units  as  well  as  in  eniall  uuitg  at  frcqucut  iutennU  and 
with  perfect  security  of  the  cuntinutty  of  service, — it  is  a  quee~ 
tion,  1  aay,  nhetber  such  a  solution  of  the  problem  before  ua  is 
B.  finaDci&lJy  attractive  proposition. 

There  is  a  Sftrong  belief  anioiit;  the  prngrcssivu  members  of  the 
engineering  profesaon  that  the  question  will  be  answered  in  the 
nilirmative  in  the  vei^'  near  future. 


The  Electric  Lighting  PriAlem 

The  efficiency  of  the  electrical  arc-lump  is  satiiifuctory;  its  mecb- 
anism  is  somewhat  complex,  and  the  sliarp  shadows  produced  by 
A  powerful  Bourceof  light  concentrated  in  n  verj-  small  volume  are 
objcclioDable,  not  to  mention  the  physiological  effect  upon  the  eyes 
of  an  intense  source  of  this  kind.  On  the  whole,  ho^^■cvcr,  this  form 
of  electric  lighting  is  oonHidered  as  highly  efhcieut  and  efle«ti^'e 
although  not  quite  ao  cheap  as  some  of  the  modem  chemical  methods 
of  light-generiitioii.  Electric  lighting  by  incandceceut  filaments  is  tlie 
field  in  which  the  public  is  uwaitintt  marked  improvement <!.  This  is 
the  form  in  which  lighting  by  electricity  is  distributed  in  small  tinits. 
It  i»  ideal  in  its  simplicity  mid  convcnicDce,  but  it  is  a  luxury  in  which 
the  rich,  only,  can  indulge:  it  is  too  expensive.  The  so-called  fine 
arts  are  aristocratic;  science  and  the  technical  art«  arc  nothing  if 
not  democratic.  Tlie  fruit-s  of  their  labor  muHt  be  witlun  reach  of 
cven.'body:  if  not,  the  soil  which  bears  any  purlicuUir  ono  of  these 
fruitH  Mill  not  be  sufficiently  cultivated  by  the  public  and  it  will  soon 
become  a  hothouae  product  of  the  rich  or  cease  altogether.  To 
tnuiaform  iociUidcficon t  electric  lighting  into  a  democratic  in^titu* 
tion  JB  one  of  the  electrical  engineering  problems  of  to-day.  lU 
solution  involved  many  problems  in  the  economy  of  generation  and 
diBtributiou  of  electric  power,  all  of  which  have  been  satisfactorily 
solved  by  (he  electrical  engineer,  so  that  the  mata  solution  luu 
con>'erged  finally  to  the  following  proposition:  To  find  s  eubetance 
which  will  have  a  cufficiently  high  resistance,  will  stand  a  higher 
temperature  (haji  the  carbon  filament  without  t*)0  rapid  deteriora- 
tion, and  the  radiation  of  which  at  this  high  temperature  will  be  rich 
in  visible  waves.  Osmium,  tantalum,  and  some  other  refniciive  rare 
metals  have  bft-n  tried  and  seem  to  promise  well.  But  in  many  re- 
spects the  most  satisfactory  results  have  been  obtained  by  Peter 
Cooper  Hewitt  with  hia  mercury  vapor  lamp.  The  eflicicucy  of  this 
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form  of  electric  lighling,  both  in  large  and  iu  small  unit*,  is  remark- 
ably high,  over  fnurtimcH  U5  high  as  that  by  onlltiury  iiu-undeiscerit 
lighting,  and  the  i<implicity  of  the  apparatus  is  id«al.  Iti  addition  to 
Its  high  cHicieDcy  the  mercury  vapor  lamp  has  the  great  advantage 
over  uU  other  formn  of  flectric  lamps  in  the  fat-t  that  ils  light  pro- 
ceeds from  a  source  which  iadiatnbuted  over  a  large  art-it.  This  pro- 
vents  the  formation  of  8hnrp  shndovs,  a  great  detUrleralum  in  work- 
shops, where  il  is  iiiipurtanl  that  the  workman  should  be  able  to  see 
aJ]  uround  the  object  which  he  is  handlmg.  For  this  reason  iht;  lamp  is 
making  a  rapid  headway  into  factories,  draughtLng-rooms,  libraries, 
imd  laboraloriea.  Us  poverty  in  red  rays  will  keep  it  tcmpamrily  out 
of  the  drawing-room  and  otlwr  places  where  thcconiplcxiouof  things 
and  of  people  must  be  shown  off  at  all  cost.  This,  hou'ever,  aeems  to 
be  the  only  defeet  of  this  new  form  of  electric  lighting  and  it  ia 
NDceiely  hoped  that  this  defect  will  soon  be  remedied. 

j[*Ae  Telephotiic  Problem 

The  engineer  has  to  determine  how  much  time,  money,  and  per- 
•mal  con'^'enience  the  avrmge  subscriber  is  willing  to  sacrifice,  in 
order  to  communicate  with  another  aub.-<criber  in  some  olher  place, 
find  then  provide  a  satisfactory  service  which  will  return  some  profit 
lo  the  operating  company  or  to  the  state.  The  prnpoMition,  Ls  ex- 
tremely complex,  particularly  in  thi«  rouiitry  where  unexpected  legis- 
lative action  introduces  so  many  unknown  quantities  into  the  eal- 
Fulution  of  the  engineer.  Ever}'  now  and  then  the  legislator  takes  il 
into  his  head  that  he  knows  more  about  the  8i:;ience  and  art  of  tele- 
phone engineering  than  anybody  else,  and  then,  with  a  bold  stroke  of 
his  pen,  he  runcels  the  finul  figures  of  the  engineer,  tlie  i>erinissib]e 
charge,  and  Bubetitutes  hLs  own,  looks  wise,  iind  leaves  the  enginwr 
to  lament  the  losg  of  the  fruits  of  hi.«  laborious  ealpulations  and 
to  wish  that  he  lived  ui  autocratic  Russia  where  the  telephone 
system  belongs  to  the  Czar  and  no  conceited  legislator  is  allowed  to 
interfere  with  a  busines-s  of  which  he  has  not  even  t  he  faintest  shadow 
of  anything  approaching  the  semblance  of  an  idea.  Thanks,  how- 
ever) to  the  su[icrlor  intelligence  of  the  wiginoers  of  the  .\me.rican 
TelephoneandTeiegraph  Company  and  to  their  extraordinary  courage, 
telephonie  art  is  progressing  very  favorably  ir  spile  of  the  arnigant 
legislator  and  the  wicked  deni.-igogue,  and  of  the  most  annoying  and 
heajtbreaking  difficultieB  which  they  are  placing,  at  almost  every 
step  of  progress,  in  the  way  of  the  patient  and  intelligent  worker  In 
the  telcpluinie  field.  The  .Xmerican  telephone  engineer  must  reckon 
nith  an  imknown  and  unknowable  quantity,  —the  legislator.  The 
only  satisfactory  wny  to  handle  this  quantity  is  to  ignore  it  and  lo 
adjust  the  other  elements  of  telephonic  problems  iu  auch  a  way  that 
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the  result  vill,  in  nil  probability,  come  out  right  no  matter  bi  whnl 
direction  the  legislative  cat  may  decide  to  jump. 

The  l-^uropeau  engineer  la  much  more  fortunate  tn  tbis  respect. 
Tb(>  telr|ilianc  system  belongs  to  the  guvemnwiit.  The  charge  is 
lixe(I,an(I  if  it  hringit  a  profit  to  the  state,  well  and  good;  tf  it  does  not, 
tite  taxpfiyer  makes  it  rig^t.  If  »ome  tnxpaycr  kicks  bocnusc  he  has 
lo  pay  for  somebody  t-lse's  telephoning,  he  is  told  that  the  existence 
of  the  telephone  eyatera  ia  of  general  benefit  to  the  state.  It  develops 
eomtnerce  tuid  industry  and  this  improves  the  moral  and  material 
comlition  of  all,  both  of  those  who  telephone  and  of  those  who  do  not 
telephone.  This  sounds  like  good  philosophy,  and  shifts  the  burden 
of  the  arpiment  upon  the  taxpayer  who.  for  self-evident  re««on8. 
generally  prefers  to  argue  no  further.  The  permiasiblo  ehaifid  is. 
therefore,  eliniitiatcd  from  the  cngiiicering  problunw  of  telephony,  in 
Europe,  becauite  it  is  a  fixed  quantity ;  in  Aroeriea.beicaUAe  it  depends 
upon  an  unknowable  quantity,  the  legislator  and  the  demitgogue,  the 
lost  one  often  in  form  of  some  scniiationul  newspaper  which  spuros 
no  pauiB  to  persuade  its  readers  that  the  t«lephone  indai^try  in  this 
country  is  the  same  kind  of  an  institution  as  the  beef  trust ,  the  coul 
imst.  the  gas  inwl,  etc.,  etc. 

If  there  ifl  any  technical  advance  of  which  this  coimtry  ought  to 
be  proud,  it  is  indeed  the  art.  nf  telephony.  In  no  other  branch  of 
engineering  or  technology'  haa  tliid  country  niaiut«ined  its  lead  aa 
easily  us  in  this,  ho  much  ao  that  there  is  no  second,  although  there  is 
no  other  kind  of  engineering  vrhirh  is  as  highly  wientiiic  and  tech- 
nical as  telephone  engiueeriug ;  and  yet  the  demag<^ue  paiuta  it  in 
the  colors  of  a  beof  trust,  a  coal  trust,  or  aomc  other  HOciuluberrat ion 
of  this  degenerate  age. 

Two  more  csscutial  quantities  are  left  which  the  telephone  engin- 
eer weighs  in  dctennining  the  solution  of  the  telephonic  problems: 
these  are,  —  first,  the  maximum  amoimt  of  time;  secondly,  —  the 
maximum  amount  of  personal  convenience  which  the  eubacriber  will 
saorilice  in  order  to  communicate  with  another  subecriber.  The 
better  the  service  the  mure  will  the  ttuhscribor  SAcrifico  for  it.  but  at 
best  he  is  not  willing  to  give  up  much,  and  ho  the  final  problem  of  the 
telephone  engineer  reduoei*  itaelf  tn  this: 

To  provide  »  first-class  service,  which  will  be  at  all  hours  uid 
under  uU  conditions  of  wTuther  at  the  subecribcr's  disposal,  at  a 
moment's  notice  and  anywhere  and  with  anybody.  This  problem 
ha8  been  solved  in  this  countr>'  and  in  Germany,  as  far  as  local 
servifc  is  concerned,  and  the  great  problem  in  telephone  cnginwr- 
itig  to-day  is  to  do  the  same  thing  for  the  interurbau  telephonie 
communication.  For  example,  a  telephone  subscriber  in  New  York 
diould  be  able  to  rail  up  any  other  telephone  subecriber  in  New  York , 
Boston,  Philadelphia,  Baltimore,  Washington,  Wilmington,  Trenton, 
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Newark,  Pat«rson,  New  Haven,  Hartford,  Proviilcncfl,  or  luiy  other 
|>opulatcd  centre  within  a  radius  of  about  two  hundred  aiid  fifty  miles 
of  New  Vork  City,  imd  get  just  as  quick  and  just  &s  good  service 
M  he  ge1«  witti  uny  subitcrihcr  m  \iis  nvm  tova.  Ttie  twlutton  of 
ibis  problem  would  mean  that  all  thene  populated  ceiitrea  within 
a  radius  of  two  hundred  and  fifty  miles,  eovcring  a  tprrit<)r>'  of  a 
large  empire,  would  form,  telcphonically,  one  town,  where  within 
a  time  interval  of  a  few  minutes  ouo  could  call  up  anybody  that 
M  of  any  account  and  have  a  pleattant  chat  or  any  other  kind  of  a 
converMtiou.  A  few  years  ago  the  solution  of  this  problem  would 
Have  been  imposaible,  lo-dfty  it  is,  and  the  engineers  of  Ihc  Amer- 
ican Telephone  and  Tele^aph  Company  are  actually  working  upon 
it  with  nil  the  vigor  of  their  young  aud  well-trained  intelligence. 
A  similar  problem  occupies  the  uttcation  of  the  engineers  of  the 
Siemens  and  HuUke  Company  of  Berlin. 

The  new  method  of  high  potential  transmission  of  electrical 
waw9  by  conductors  of  suitably  increased  induclancc  has  given 
them  a  now  weapon  for  attackijig  the  problem,  and  they  arc  wield- 
inti;  it  with  cxlraoniinary  force  and  skill.  The  telephonic  union  of 
Ihe  thickly  populated  centres  just  mentioned  into  one  community 
covering  l!ic  ,'irea  of  u  Urge  empire  means,  of  courw.  Ihe  el  retch- 
ing of  thousands  of  wires  between  such  town^  as  New  York,  Boston, 
Philadelpliia,  Baltimore,  and  Washington,  and  that  means  the 
employment  of  cablcii  in  underground  conduits.  No  pole  line  could 
support  anything  like  that  multiplicity  of  wires.  TraDsmtssion  over 
underground  rabies  over  such  distances  was  an  unpossibility  a 
few  years  ago,  when  a  distance  of  twenty  miles  waa  considered 
quite  a  serious  luatler.  To-day  there  is  a  high-tension  telephonic 
transmiiwioii  cable  containing  a  large  number  of  wires  supplying 
a  most  eat ipif ttctory  telej>hauic  tninsmis*iuD  between  Boston  and 
Worcester,  Massachusetts,  &  distance  of  over  forty  miles,  and  the 
experimental  rt^ults  obtained  with  this  cable  by  connecting  several 
circuits  in  series  buck  aud  forth  between  Boi^toii  and  Worceirter 
justify  Ihe  confidence  of  the  eugineere  of  the  American  Telephone 
and  Telegraph  Company  that  they  will  certainly  solve,  in  the  near 
future,  the  grand  problem  of  the  telephonic  union  of  the  great  cen- 
tres of  the  .Atlantic  coast.  The  same  confidence  is  exprpRsed  by 
the  engineers  of  the  Hiemens  and  Halskc  Company  of  Berlin  in 
Iheir  work  on  tho  problem  of  telephonic  communication  between 
Berlin  and  London  through  a  cable  over  400  miles  under  the  North 
Sea. 

A  aide  issue  of  this  problem  is  the  problem  of  establishing  a  satis- 
factory telephonic  communication  between  any  two  important 
centres  of  a  continent.  The  new  principle  of  high-tension  telephonic 
transmission,   mentioned   above,   affords   a  aatisfuctory    solution, 
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pnividcd,  however,  tbat  the  inHulatioB  of  overhead  wires  can  be 
ni&intauied  aljove  a  i-ertain  low  limit.  Invcsligationx  in  ihis  direc- 
tion  conducted  by  engimoere  of  the  AmericAn  Telegraph  and  Tele- 
phone Company,  and  by  the  engineers  of  Siemens  and  Hulske  oi 
Berlin,  have  yielded  most  sftl iflf ad ory  resulta,  00  thnt  the  ques- 
tion whether  wc  shall  floon  have  telephonic  communication  with 
San  Frunoixco  und  ether  places  on  the  I'acific  slope,  or  bctn'ceti  luiy 
St.  Petcntburg  and  Madrid,  is  merely  a  question  of  a  sufRciently 
strong  commercial  dcmaud. 


Tti4  Wireless  Wave  Transmiasion  Problem 

The  public  is  not  yet  on  t«nns  of  faDiilinrity  with  the  wireleait 
tnmsmission  scheme.  The  public  is  not  quite  sure  that  it  knowv 
who  is  the  real  representative  of  this  new  civilizing  agent.  Is  it 
Marconi?  Is  it  Tesla,  or  ia  it  gome  on©  of  the  many  other  dark  lu- 
minaries? Marconi  uticd  to  be  their  wireless  hero,  but  there  buw 
sprung  up  lately  so  many  champions  of  the  cause  of  other  invent' 
ore  —  and  the  courts  have  not  spoken  yet — that  the  public  is 
eoaiewhat  puzsk-d.  Under  thcac  conditions  of  ifiiiccrtatnty  the 
public  ia  not  quite  sure  that  the  time  has  yet  arrived  to  decide 
whether  n-irele,ss  transmission  is  essential  to  its  present  happiness. 
BcKidui!,  the  gods  of  the  Araiy  and  Navy  dcp«rtau;nt«  have  de- 
cided that  wirolefls  telegraphy  is  an  essential  element  of  their  mili- 
tary equipment  and  the  public  must  step  back.  The  public  can  do 
more  be  allowed  u  free  play  with  wirelessa  telegraphy  than  Ihey 
can  be  allowed  to  keep  dynamite  in  their  back  yards  or  to  steam 
about  in  torpedo  boats.  The  war  lords  have  spoken,  and  neither 
the  inventor,  nor  the  disappointed  stockholder,  nor  the  patent 
office  dare  open  their  mouths.  When  a  United  States  general  or 
admiral  announces  with  all  official  solemnity  that  the  scientists 
of  the  Army  or  r^avy  ha\'e  devised  a  wireless  method  of  their 
ovm  and  the  intelligent  public  obscrAx^s  that  not  only  this  military 
wirelecs  aystem  but  also  that  other  alleged  new  wireless  systems, 
reoogniKed  and  patroiiieed  by  the  Govemmeot,  and  knonn  us  the 
Fcssendcn,  Do  Koro)>t,  81nby-Arco,  Hraim,  and  1  do  not  know 
what  other  kind  of  systems,  look  in  every  particular  like  the  famil- 
iar old  Marconi  system,  they  stand  perplexed  and  ask.  —  well, 
who  hiw  invented  what?  For  they  mugt  either  all  of  them  have 
in\'enled  the  wme  thing  and  do  not  know  the  icmarkablc  coinci- 
dence, or  nobody  has  invented  anything,  or  one  m.'in  is  the  real 
inventor  and  the  rest  are  bold-faced  fakirs.  Ea<-h  one  of  ttie»e 
hypotheses  seems  equally  improbable.  This  mixed-up  state  of  nlTaini 
hua  pit>ducc<l  a  marked  drprcssion  of  public  interest  in  wirek*-'^ 
telegraphy,  and  consequently   it   has  delayed   quite  seriously   the 
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progrew  of  thU  bcnutiful  new  technical  art.  Rut  fortucntcly  for 
the  art.  it  is  so  attractive  that  in  spite  of  its  a^ociations  with  many 
appitrently  disreputable  characters  it  is  still  cultivated  by  »erioua 
men  of  true  scientific  spirit  and  devotion.  These  men  know  quit« 
nell  that  there  is  one  wireless  scheme  only,  thut  it  is  n  clean-cut 
invpDttOQ  of  the  first  order,  and  being  auch  it  is  fsiiriy  certain  that 
it  belortfcs  to  one  man  only,  the  decrees  of  (he  Army  and  Nnvy 
scieuticulists  aotnithstanding;  and  they  alao  Itnow  that  it  devolves 
upon  ihctn  iind  upon  the  original  inventor,  iind  not  upon  the  scien- 
ticulists  of  the  Army  and  Navy,  to  solve  the  present  problem  of 
Tirrless  telcgrnphy,  which  they  feel  confident  to  be  a  true  engin- 
eering problem,  becauj>e  its  itolution  \»  quite  witbiu  reach  of  the 
present  state  of  the  electrical  art.  This  problem  is:  A  rapid,  re- 
liable, Ritd  wlectivc  communication  Ijetween  the  continents  and 
any  point  on  the  Atlajitic.  A  sliip  on  the  ocean  should  ahvuyis  be 
in  electrical  touch  with  land. 

That  which  is  n<«ded  is  an  oscillator,  sufficiently  powerful  and 
persistent  to  produce  strong  resonance  effects.  A  wave-train  con- 
MSting  of  «ay  thirty  complete  waves  is  for  oil  practical  purposes 
s!i  effective  in  producing  strong  reaonanre  effects  as  a  continuous 
train. 

In  wireless  telegraphy  oscillators  of  a  fre(|uency  of  about  one 
million  owillalions  per  second  are  commonly  used.  To  give  a  wave 
train  of  thirty  complete  waves  the  oscillator  would  ha\-e  to  main- 
tain its  vibrations  during  an  interval  of  approximately  one  thirty 
thousandth  of  a  second.  An  oscillator  of  this  frequency  and  pOBsess- 
iug  »  condenser  of  .1  microfarad  charged  up  to  60  thousand  volts 
would  during  that  brief  interval  of  time  radiate  energy  at  the  rut« 
of  appro.\imately  15  thcusand  horse-power.  Assuming;  that  the 
giant  Marconi  rfidiator  has  an  area  of  1000  square  yurdfl,  thcro  would 
proceed  from  every  square  yard  during  &  time-interval  of  one  thirty 
thousandth  of  a  second  radiant  energy  at  the  rate  of  15  horse- 
power. The  radiant  energy  sent  forth  into  space  by  every  square 
yard  of  the  bright  surface  of  the  moon,  assuming  even  that  it  re- 
flects all  the  sunlight  which  falls  npon  it.  i«  sent  out  at  the  rate 
which  is  leas,  considerabEy,  than  one  horse-power.  Yet,  although 
its  distance  from  us  is  bo  enormous,  our  eye  can  feel  its  radiant 
energy  even  some  time  before  the  full  moon  has  risen  above  the  hori- 
zoQ  and  we  can  measure  the  relative  amount  of  its  radiation,  sent  to 
UB,  by  electrical  receivers  which  do  not  differ  essentially  from  some 
forms  of  receivers  employed  in  wireless  telegraphy.  This  simple 
comparison  &hows  what  an  intense  source  of  iuternutteut  radia- 
tion a  Marconi  radiator  eaa  be  when  actuated  by  a  sufficiently 
powerful  oHcillfltor.  A  generator  of  15  horse-power  would  Iw  quite 
suilicicQt  to  charge  such  an  asciUator  a  hundred  times  per  aecoud, 
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which  i8  sufficient  even  for  the  most  rapid  kind  of  ordinary  tele> 
gruphy  in  tctuul  prautkal  use  anywhere.  Such  an  oscillator  oper- 
ating, say  at  Cape  Cod,  would  verj'  probably  be  felt  at  e\'ery  point 
of  the  Atlnntic  between  the  Huropean  and  the  American  coast, 
pjirtioularly  on  receiving  circuits  which  are  in  resononee  with  the 
oscillator.  Huch  an  oscillator  has  not  yet  bvcn  constructed  and  it 
iiiiiy  not  appear  quite  clear  how  bo  much  electrOHlatie  capacity  can 
be  crowded  into  an  oscillator  of  the  enormoufi  frequency  employed 
in  wireless  t«legraphy.  Yet  I  feel  fuiriy  confident  that  the  pieseot 
state  of  the  Glecirica!  science  offers  abundant  means  for  doing 
the  thing  in  a  very  nimple  miinrter  and  that  it  nill  be  done  in  the 
nciir  future.  But  1  am  afriiid  I  lint  when  it  Is  done  the  offirinl  back 
of  the  electrical  cat  upon  wliich  the  military  and  naval  scientieu- 
lists  rely  for  their  charging  generator  will  curve  up  in  mad  disopder; 
there  will  be  an  intomiption  in  the  very  important  official  wiwlejts 
conimuniuittioMB  txttweon  naval  gtRlions.  one  requesting  the  other 
for  a  loan  of  a  few  yards  of  rubbt-r  lii»sc.  A  scfwion  of  the  war  council 
would  probably  be  called  to  decide  how  thin  intolerable  interruption 
of  official  business  can  be  avoided,  and  aft«r  careful  consultation 
with  the  military  ncienticulists  the  war  lords  would  probably 
decree  that  the  existence  of  such  thundering  machines  on  the  sea- 
coasts  w  11  public  nuisance  because  it  interferes  with  the  wireless 
business  aa  conducted  by  the  scienticulists  of  the  Army  and  Npvy 
and  required  by  the  conditions  existing  in  their  administration. 
The  wireless  pmblem  cannot  become  a  true  engineering  problem 
so  long  as  the  war  office  interferes  with  a  technical  art  of  which  it 
has  no  intelligent  gratfp.  Soldier,  stick  to  your  guns;  leave  wireless 
telegraphy  to  people  who  can  handle  it  with  more  intelligent  grace 
and  skill. 


The  Telttjraph  Problem 

It  is  the  mofit  difficult  electrical  engineering  problem  before  u». 
What  is  wanted  is  a  system  which  will  perform  a  large  part  of  the 
work  of  the  ordinary  mail  at  any  rate  between  thickly  populated 
centres.  That  mciuis  very  rapid,  efficient,  and  accurate  automatic 
machine  sending  and  receiving.  It  also  means  multiplexing  way 
beyond  the  performance  of  the  present  quaduplcx.  Theoretically 
the  solution  of  the  problem  looks  easily  possible  and  actual  experi- 
mental demonstrations  have  been  given  to  prove  the  eorrectne«a 
of  the  inference  drawn  from  pure  theorj-.  Mr.  Patrick  Delany'n 
work  in  this  particular  direction  should  be  honorably  mentioned 
here.  Bnt  \Try  eerioufi  practical  diffioultiea  exist,  which  are  known 
to  those  only  who  have  been  for  a  long  time  in  actual  touch  with 
the  telegraph  business  of  this  country.    This  busbess  ha^  devel- 
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opcH  hiBtorically ;  each  epoch  in  its  development  marks  an  epoch 
in  ihe  development  of  the  general  business  methods  which  prevail 
in  this  pountr)'. 

In  European  countries,  the  telegraph  belongs  to  the  Goveni- 
ment  iind  its  devciopment  wtw  infliienred  very  much  hy  the  re- 
quirements fif  the  war  nlTice.  Private  bumnesK  had  tii  aronmmodate 
ilaeU  to  the  telegraphic  conditions  created  by  these  requirements. 

To  illu«trat«:  Many  of  the  trunk  lines  in  this  country  are  leawd 
to  private  individuals,  bankers,  hrokers,  etc.  The  telegraphic  coni- 
panres  do  their  own  hupinces  over  these  leased  lines,  employing 
the  ([undruplex  method.  In  fact  not  only  the  telpgrapli  company, 
but  several  gubeeribers  arc  working  over  the  same  trunk  lino  giniul- 
tuieously,  each  one,  except  the  tclc^aph  company,  ipionint  nf  the 
fiwt  that  the  other  fellows  are  using  the  same  ethereal  channel  of 
conimunieation.    This  practice  is  practtt-ally  unknown  in  Europe. 

It  is  the  opinion  of  men  of  recoRnixcd  ability,  who  have  Rrown 
old  in  the  development  and  tnariagement  of  the  telegraph  busineBS 
in  this  country,  that  thp  niimeroiia  long-distance  lines  covering 
the  vaist  territory  of  the  United  States  are  ao  costly,  both  from 
the  standpoint  of  initial  expense  for  construction,  and  also  from 
the  standpoint  of  subsequent  expense  for  maintenance,  that  they 
would  hardly  pay  if  it  were  not  for  the  rental  of  these  lines  to  pri- 
vate individuals.  The  same  statement  holds  f;ood  for  the  trnnv- 
laiHidon  of  intelligence  over  long-distanee  telephone  wires.  These, 
too.  are  rented  in  very  many  cases  to  private  individimlB  for  tele- 
graphic purposes,  90  that  Iong-(iistance  telegraphy  and  telephony 
are  often  curried  on  simuUaneouely  over  the  same  wifes. 

Any  new  improvement  which  would  bring  us  nearer  to  the 
solution  of  the  general  telegraphic  problem  is  impnu:ticable  if  it 
interferes  seriously  with  the  existing  conditions  under  which,  accord- 
ing to  the  preceding  rough  sketch,  telegraphic  businc-iM  is  con- 
ducted here  at  present.  This  explains  the  well-known  fact  that  sev- 
eral American  inventions  in  telegraphy  were  adopted  abroad  and 
proved  ihemBelveg  valuable,  although  they  failed  to  find  recogni- 
tion at  home  on  account  of  their  inability  to  satisfy  the  require- 
ments nf  the  telegraphic  situation  existing  here.  The  disappointed 
inventor  tan  hardly  be  blamed  for  feeling  sore  over  the  apparent 
lack  of  appreciation  in  his  own  country.  But  if  he  could  be  pre- 
vailed upon  to  raise  himself  to  a  loftier  level  of  objectivity,  and 
thus  obtain  a  broader  view  of  the  telegraphic  situation  at  home, 
he  would  certainly  be  less  severe  in  his  criticism  of  what  ho  con- 
siders to  he  the  hide-bound  methoda  of  the  antediluvian  telegraphic 
monopolies  which,  in  his  opinion,  smother  every  intellectual  activity 
of  inventive  genius. 

Those  who  arc  most  familiar  with  the  mathematical  theory 
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«so 


of  truunmsnoo  of  rapid  electrical  inipuletcs  for  telographir 
poM8  iieem  to  agree  fairly  well  on  one  point  at  least;  it  ia  Ihia: 
The  alternating  current  is  tlie  moat  suitable  form  of  electrical  trans- 
iDiMion  for  tdograptiie  purposes.  Tlie  Kolutiou  of  the  general  t«le- 
graphiv  problem  by  meanB  of  a.utoraalie  traiismiflsion,  aud  by  the 
adoption  of  multiplex  methods  'n-ith  all  the  possible  refineEDOote 
nf  whicli  th«se  roelhod.i  are  capable,  cnnnot  bo  reached  uuieas  the 
allemaliiig-eurreiil  method  of  traiiBmisaioii  is  adopted.  But  theu 
we  should  have  in  telegraphy  the  same  practical  diflicuitieii  which 
tfleplioiie  engineers  met  iii  the  early  days  of  telephony.  These 
diOicuItics  ure  summed  up  by  the  telephone  engiceer  and  con- 
densed into  a  single  word,  —  croxs-tulk.  It  means  conrcyunc«  oS 
electric  energj-  from  one  wire  to  another  by  electrostatic  as  well 
as  by  electromagnetic  induction.  It  is  the  more  powerful  the  higher 
the  frequency  of  the  alternating  current  employed  in  the  trmns- 
miRsion.  The  telephone  engineer  overcame  this  difficulty  gradu- 
ally by  giving  up  the  employment  of  the  earth  as  the  common  re- 
turn conductor  for  all  his  IranBmission  wires,  and  from  thai  day 
date?  the  symmetrical  conducting  loop  of  the  metsllic  return  cir- 
cuit. Having  adopted  this  ex[}ediency  it  vi&a  then  ii  compamtively 
easy  matter  to  avoid  cross-talk,  due  to  induction,  by  a  suitable 
transposition  of  the  neighboring  circuits  with  respect  to  wich  other. 

The  iniroduclion  of  the  alternating  current  into  telegrnphie 
tratiBmission  would  compel  the  telegraph  eDgineer  to  reeort  to  this 
same  expediency  which  wag  long  ago  adopted  by  the  telephone 
engineer,  otherwise  he  would  expose  himself  to  the  serious  diffi- 
culties arising  from  cross-aignaling. 

fonsidering  the  fact  (hat  practically  all  telegraph  lines  in  the 
eountry  employ  the  ground  return,  it  is  clear  that  the  general  in- 
troduction of  the  alternating  current  into  tolegraph  work  would 
involve  pfBctically  a  rec  on  .it  met  ion  of  a  large  part  of  the  vast 
network  of  telegrtiph  wires  in  the  United  States.  I  do  not  know 
of  a  fluigle  telegraph  enRinoer  in  this  country  who  n-ould  have  the 
courage  to  assume  the  responsibility  of  advocating  before  his  board 
of  directors  a  policy  of  this  kind.  And  so,  as  far  as  this  countr>"  at 
least  is  etHicomed,  the  solution  of  the  genemi  telegraphic  problem 
seems  to  be  a  matter  of  the  dim  and  distant  future. 
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THE  RELATION  OF  MINING  KNGINEERING  TO  OTHER 

FIELDS 

BY   ROBERT   HALLOWELL   R1CUA11D8 

(Robert  IUUow«U  Ricluudi.  ProfwMr  of  Mining  And  MeUllurip-,  MMRnchufietta 
Injilitulo  of  Tedinoloj^y,  b,  August  '26.  1844,  Gardiner,  Maine;  U.S.  Unnia- 
chuarlts  luHtilutc  of  TocluioloKV .  Profcesor  of  Miiii-ralogy  nnU  Atwivitu;, 
in  charsi'  of  ttu;  Miniru;  and  Mcuilliin^v  Luborntuhcfi,  Vrvtiamn  vt  timing 
EnKLneiMiiie  &nd  UeUlKu:^  at  tlie  NUaaaciiusijtu  luetitutv  of  Tt;clinoIo^. 
Manber  of  American  Institute  of  Mining  EnKineering;  Antorican  AcAdctny 
of  AiU  and  l^ciencvT^;  IWjxtim  ^x;ii.'ty  of  Naturat  Hixtor)-.  Author  of  Dumeroiu 
pBpots  on  ciigincH.'ring  Hubjects.] 

Tes  two  papers  of  this  SectioD  appear  to  call  for  discUBsions 
more  or  leas  educational  in  their  intent.  The  firet  paper  to  draw  the 
picture  of  the  various  calla  lite  mine  makes  upon  its  officers,  lead- 
mg  up  through  the  developiiicnt  of  th«  business  und  finally  reach- 
ing as  u  climax  the  educational  requirements  to  lit  the  man  for 
the  place,  deals  more  particularly  with  the  man.  The  second,  to 
review  the  past  development,  draw  thi-  picture  of  the  present,  iind 
indicate  the  tines  of  pruRreKG  that  are  most  needed  in  the  near  future, 
deals  more  particularly  with  things.  < 


I  will  beKin  my  alory  by  attemplin^  to  show  how  univenally 
the  worii  of  the  mining  engineer  reaches  the  interests  of  alt.  I  will 
then  trace  from  early  heginiiings  the  dex-elopmenl  from  the  primi- 
tive chance  find  of  attractive  tDiiioral  specimens  to  the  modem, 
fulSy  equipped  mine.  I  will  show  how  the  mine  not  only  Ruppliea 
wants  of  all  ('las.<<ee  but  cults  upon  many  liiieH  to  re»poud  by  voo> 
tributing  to  mine  development.  And,  finally,  will  indicate  the 
educational  Iin(»i  which  are  developed  to  brinf;  men  to  as  good  an 
Undcr»t»iidmg  an  posaihlo  of  how  to  get  the  most  effective  results 
in  mining  with  the  least  expenditure  of  material  and  effort. 

The  province  of  the  mining  engineer  may  l:x;  defined  tus  com- 
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prisinR  all  the  duticfi  aiicl  abilities  that  a  niming  copinpor  may 
culled  upon  to  perform  or  possc&s,  the  end  poini  of  wliicli  la  the 
oxtructSuD  of  valuable  niiiierft.is  mtd.  placing  them  on  the  market 
for  the  service  of  man.  Ho  brrngs  from  the  ground  into  acth'e  use 
values  which  previously  lay  drirnuiiit  and  unknown  to  the  unin- 
itintcd.  He  builds,  out  oF  appaj^nt  nothingness,  things  which 
e\'entuully  make  for  uses  and  beauty  in  the  scmce  of  tneu.  He  hos, 
therefore,  widcclhicul  and  philoKophical  rclittionii  with  the  develop- 
ment of  the  human  race. 


Deivlopmeni  of  ihe  Mining  Engintrr 

Looking  back  through  the  eye  of  tlie  imagination  to  prehistorio 
timoB,  we  may  form  a  cunception  of  an  order  of  advance  in  thin^ 
milling.  The  primitive  man  picked  up  colored  stones,  bored  holes 
in  them,  and  wore  them  as  amulets  for  decorative,  religions,  or  nwv 
diciiial  reasons.  He  found  the  pret-ious  stones  and  prutcd  them  for 
their  decorative  effect.  He  found  the  |^ld  in  nuggets,  and  later, 
that  he  troutd  poliah.  Ratten,  and  shape  it,  and  mnde  a  IteginDing  in 
the  metal  manufacturing  art. 

Gold  and  precious  clones  at  a  \-cry  early  date  must  have  risen 
in  value  and  begun  to  he  property,  and  also  begun  a  career  a»  a 
medium  of  exchange.  A  complete  mining  plant,  at  this  lime,  may 
have  been  an  aren  of  laud  with  ore  specinieus  scattered  on  the  sui^ 
face  of  the  ground  and  buried  in  the  surface  soil,  with  a  few  men 
digging  with  pointed  .sticks  and  moving  the  soil  with  rude  wooden 
shovels.  The  existence  of  ownership  in  the  soil  and  inincral  may 
hive  developed  later. 

Stimulated  by  mineral  discoveries,  the  miner  made  effortg  to 
define,  identify,  and  name  his  mineral  species  and  so  gave  a  begin- 
ning to  the  science  of  minera1og>-;  and  his  efTorte  to  establish  niles 
of  occurrence  of  his  valuable  minerals  did  the  same  for  geology. 

The  primitive  Asiatic  at  an  early  date  found  the  effect  of  fire  on 
minerals  and  picked  up  lead,  copper,  or  iron   in  the  oshee  of  hia  fl 
camp-fires.  Cornwall  tin  was  fouud  in  the  same  way.  I 

Tlie  primitive  metallurgist  then  experimented  with  his  fires  and 
got  silver  by  burning  up  his  lead,  and  bronite  by  olloying  copper 
and  tin. 

The  possibilities  fascinated  him,  the  ^tting  stimulated  the  de- 
sire to  get.  and  the  ingenuity  to  fashion  the  tool.-*  to  gi*t  with.  In 
fact,  the  metallurgist  has  done  much  to  atitaulate  the  development 
of  the  chemist.  There  came  to  be  a  systcnialic  use  of  fires  for  roaat- 
inp  ore,  reverberatories  for  desulphurizing  ore,  crucibles  for  melt- 
ing, cupels  for  purifying  silver,  hearths  and  ehaft-funiacM  for 
smelting. 
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The  miner,  pushed  by  his  metallurgical  partner,  soon  got  to  the 
«nd  of  th«  louse  ore  tying  on  the  surface  and  began  breaking  tl 
from  the  ledgps  wilb  his  stone  liammere.  He  found  that  by  heat- 
ing the  ore  and  quenching  it  with  water  it  would  crumble  more 
«a«t)y.  In  fftct,  this  was  probably  the  chief  method  of  miuiiif;  for 
mimy  centuries. 
A  miac  ot  this  period  muy  have  boon  a  pit  or  trench  twenty  feet 
^beep,  more  or  lem,  from  which  the  ore  and  water  were  carried  out 
on  men's  backs.  uBing  a  tree  with  stubs  of  brunches  for  n  ladder. 
In  time  the  metallurgist  found  that  by  inanipuluting  hiH  iron  in 
>nnection  with  carbon  he  could  harden  it  and  that  the  hardneaa 
greatly  augmented  by  rjiieiiching  it  in  water.  He  had  made 
I  dboovcry  of  atccl  and  uf  tempering. 

The  miner  asked  for  a  better  hammer  and  got  one  of  steel  and 

rith  it  the  "point"  which  by  lilows  of  the  hummer  chips  and  severs 

le  ore  from  the  ledge.     The  hammer  and  point,  "Schlegel  und 

1,"  must  have  been  the  standard  mining  tools  for  many  ccn- 

niries. 

The  primitive  American  mined  copper  at  leaiit  600  years  before  the 
li«covciy  of  this  country  by  Europeans  (^^le8toll).  This  is  indicated 
by  I'ouiitlng  the  rings  in  tree-trunks  growing  in  their  old  workings. 
They  mined  the  copper  with  stone  hammers,  heating  the  rock  with 
fire  to  make  it  more  frialile.  They  mined  to  a  depth  of  twenty  or 
thirty  feet,  but  mrcly  went  underground;  used  wooden  shovels  to 
move  the  rt>pk  and  wooden  bowls  an<i  bark  troughs  to  dispose  of  the 
water.  Tiiey  did  not  want  and  could  not  use  pieces  of  copper  lai^r 
than  n  few  pounds,  which  they  took  as  they  found  them,  beat  out 
ci'ld  into  shapee,  leaving  the  Hilver  attached  to  the  copper.  They 
apparently  had  no  knowledge  of  concentration  or  of  mnelting. 
They  used  ihr  copper  for  tools  of  the  household,  of  the  shop,  of  the 
chaac.unil  nf  ^\  ar.  na  well  as  for  decorative  purposes. 
Ik  The  making  of  iron  tools  enabled  the  miner  to  penetrate  into  the 
^^roimd.  He  devised  ropes,  buckets,  and  a  rude  windlaas  for  lifting 
out  ore  and  water.  His  roof  and  walls  of  rock  began  to  fall  in  on  him 
and  it  was  n<;cosEii.ry  to  bring  in  timber  props  and  to  Heave  pillars  of 
ore  to  hold  the  walls  apart. 

About  this  time  the  horse- wind  lass  and  a  better  quality  of  rope 
must  have  been  designed  for  hoisting  from  greater  depths.  Mines  at 
thii*  t  ime  may  have  reached  a  depth  of  hundreds  of  feet  with  tunnel* 
and  galleries  though  small  in  sixc.  yet  cut  out  with  a  care  and  finish 
almoat  like  that  of  the  9toiiemft,ion's  work  on  public  buildings,  Surh 
tunnels  of  three  hundred  years  ago  can  bo  seen  to-day  in  the  German 
mines. 

The  metallurgist  asked  for  cleaner  ore,  free  from  earthy  and 
aliceouB  impurities  which  hindered  or  prevented  his  smelting  opera- 
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iiima;  to  effect  this.  Ike  crude  stamp  for  crushing,  aiid  the  sweeping 
buddl«  for  concent  mt  in  g  ores  were  developed. 

As  to  the  periods  when  the  mineralogist,  the  geologist,  and  the 
Khemist  became  separole  professions,  investjgatiugeverytliing  in  their 
liiiea  and  contributing  from  their  stur«s  of  knowledge  to  the  benefit 
of  the  (niner,  I  will  not  diseuss.  Hut  the  time  has  never  yet.  l)een 
rearhed  when  the  miner  could  afford  not  to  have  a  good  working 
kno^vled|^c  of  thoBC  nubjects. 

The  next  great  step  waa  the  use  of  drill  and  blasting  powder 
(A.  D.  1620).  The  slow,  tedious  chipping  was  replaced  by  the  more 
rapid  boring  und  blanilingoutof  rock  maK9CS,and  the  speed  of  mining 
increased  immeneely. 

A.  D.  1776,  the  steam  engine  came  to  the  help  of  the  miner.  TTw 
pumping  engme  canic  first,  for  removing  uater,flnd  then  the  hoisting 
engine. 

About  A.  D.  1840  the  locomotive  was  invented  and  used  for  hauling 
coal  and  ore. 

We  sometimes  think  of  all  engineering  depending  on  or  pertnioing 
to  the  steam  engine,  whereas  the  tnie  engineer  is  a  man  who  roust 
adapt  means  to  ende.  whatever  they  may  be  and  whether  he  ever  did 
or  did  not  know  of  them  before.  He  c(in  nsc  precedent  ns  far  ns  it  will 
go,  and  must  Gil  m  the  rent  from  his  braui.  He  may  have  to  hameat 
up  a  waterfall  on  the  side  of  a  mountiiin,  bring  down  the  water  in  a 
great  pil>e,  and  level  gnivel  hill.-^  with  ti  witter  jet  more  powerful  tlian 
those  used  by  our  city  fire  departments.  Or  he  may  have  lo  use  the 
water  tn  comprese  air  and  convey  it  in  pipes  to  his  mine  and  use  it 
there  to  drive  his  powerful  haii<tiiig  and  pumping  machinery  and  his 
power  dritis  for  drilling  the  rock. 

In  1S60  nilro-glyrerine  was  tntrnduced  as  a  powerful  blaetuig 
material,  adding  to  the  «peed  and  economy  of  the  work  of  excavation. 

Tlie  miner,  by  his  needs  of  prime  movers,  transmitting  macbineiy> 
trunspnrting  maehincrj',  and  iiae  of  water,  has  contributed  much  to 
the  development  of  the  mechanical  engineer  and  to  a  lees  degree  to  the 
railrond  and  hydraulic  engineer. 

The  miner  and  the  asriciilturlst  really  take  ehflrea  b  this  develop- 
ment. They  are  both  fundamental  callings,  taking  the  good  ihings 
from  the  ground.  The  farmer  has  probably  helped  more  in  thedevel- 
opment  of  the  railroad,  while  the  miner's  field  has  given  liim  agreatcr 
band  in  developing  power  machinery  and  hydraulics. 

Later  these  all  became  independent  professions,  and  having  ooAde 
great,  advances  in  their  studies  they  now  in  their  turn  contribute 
advAQcctl  ideas  to  the  beneSt  of  the  miner. 

But  here  again  no  miobg  engineer  can  afford  to  be  without  a  good 
vorking  knowledge  of  mechanical  engineering,  constructive engmee^ 
ingt  hydraulic  engineering,  or  railroad  eoginoeriiig. 
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This  brines  as  to  the  Rreat  miiiM  of  to-^y,  and  if  w«  draw  a  few 
iJIuHt  rat  ions  from  the  Calumet  and  Hecla  Mine  uf  Lake  Superior,  it 
will,  perhups,  serve  as  well  as  uiy. 

Thtfl  repreaentR  both  r)ie  primitive  and  the  most  modem  things  in 
mining.  It  was  discovered  by  a  preiiistoric  pit  evidently  worked  by 
u  FMQ  of  udv»iiccd  itilcliiKCncu  before  the  Europoiine  reached  thi^ 
country  &Tid  it  la  now  equipped  with  the  finest  mining  ma.chinery 
ill  the  world.  This  mine  t^  opened  up  by  eomc  iifteoti  shafts,  more  or 
less,  CHI  the  slope  of  ihedcpuiut  which  arc  about  400  feet  up&rt.  The 
longest  shaft  ia  opened  about  8000  feet  do«ni  the  slope.  A  vertinai 
shaft  nearly  &  mile  deep  connects  with  this  below.  Every  one  hun- 
dred feet,  going  down,  there  Id  a  level  or  boruontul  tunnel  dri>-cn 
along  the  deposit  either  way.  and  these  100  by  400  feet  blocks  of 
copper-bearing  rock  are  worked  out  by  drilling  and  bliisting  with 
dynamite.  The  roof  is  temporarily  supported  by  carefully  designed 
timbering  which  holds  up  the  roof  until  the  rock  is  all  worked  out,  and 
them  pwiually  crushes,  letting  the  roof  fall  in.  Every  one  of  the  levels 
has  beea  carefully  surveyed  so  tbey  will  properly  connect  with  each 
other  and  the  ends  will  not  go  beyond  the  bound ary-line«.  and  thi>y 
are  supplied  with  a  railroad  track  and  cars.  Every  shaft  has  been 
surveyed,  supplied  with  a  track  for  the  hoisting-skip  and  a  hoisting- 
rope,  at  the  top  of  the  shaft  is  a  rock  house  with  two  immense  rock 
breakers,  two  great  sheaves  for  turning  the  hoisting  rope  and  a 
hoistingongincpowcrful  enough  toliftat  great  speed  the  rope  pkipand 
copper  rock,  weighing  many  tons,  to  the  surface.  Beneath  the  breakers 
is  a  great  rock  bin  and  trnoks  for  shipping  the  rock  down  to  tlio  mills 
at  Lake  Linden,  five  miles  away. 

Several  great  air  compressors  furnish  ajr  for  the  rock  dnlbi  operated 
by  3000  miners,  more  or  less,  producing  5000  tons  or  more  of 
copper  rock  per  day. 

The  mine  has  waterworks  bringing  the  pure  water  of  Lake  Superior 
up  lo  600  feet  in  height,  four  miles  in  distance,  to  .supply  the  boilers 
and  also  the  company'.-*  houses. 

A  huge  revolving  fan  uses  one  shaft  for  ventilating  the  manymilcs 
of  Rhafts.  leveln,  and  stopes,  giving  the  miners  fresh  air  and  removing 
the  powder  smoke. 

The  mine  has  machine-shop,  foundry,  blucksmith-shop,  luid  car- 
penter-shop, capable  of  doing  the  finest  work  on  large  or  small  scale. 

tioiug  to  the  mills  at  the  Lake,  we  &nd  two  large  mills  with  about 
eleven  steam  stamps  each.  22  in  all.  Each  of  these  stamps  can  crush 
nearly  300  tone  of  copper  ro(;k  per  day  and  each  has  a  large  number 
of  jigs,  Wilfley  tables,  and  revolving  tables  for  concentrating  the 
crushed  rock.  They  appear  like  monster  factories  filled  with  busy 
machinoB.  and  treat  between  5000  and  6OO0  tons  of  copper  rock  per 
day. 
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There  arc  two  inuncniiv  pumps  lifting  u  quantity  of  vratcr,  suGBcient 
for  one  of  our  large  Eastern  cities,  for  tlie  mill  work. 

The  shops  of  the  mitie  arc  in  the  maiu  (lupliL'nti>d  at  the  mills.  An 
idea  of  the  Importuncc  uf  thin  mine  to  tho  people  may  be  obtained 
when  it  is  stated  that  the  Calumet  and  Tamarack  mines  together 
support,  a  population  of  about  13,000,  nud  the  miUsnbout  5000  more, 
speaking  eomc  eeveiitcen  different  languages,  who  are  bebg  iraofi- 
formed  into  American  citizens.  They  have  their  schools  and  churches, 
and  fiuiii^h  n  market  for  farm  uiid  garden  produce.  All  of  this  would 
not  have  exi8t«d  but  for  the  mines. 

The  de\-elopmeiit  of  gold  placer-working  is  of  interest  and  deserveii 
to  stand  out  by  iteelf .  The  miner  washed  bis  eand  or  gra\'el  in  a  pan ; 
settling  the  gold  to  the  bottom,  and  workiag  off  the  gra'\'el  ov^  the 
edge,  he  leeo^-cred  a  few  particles  of  gold  from  each  panful.  It  was 
back-breaking  work,  and  he  could  only  pan  perhaps  a  few  hundred 
pounds  per  duy.  The  rocker  or  cradle  with  little  dcprfssioo  or  riffles 
followed  with  two  tons  per  day,  the  torn  or  little  .iluices  with  riffles 
•with  ten  or  twenty  tons,  the  riffle-sluice  with  a  capacity  measured 
only  by  its  width  and  the  (luantity  of  gravel  lh«t  could  l»  brought  to 
it.  The  increased  quantity  was  obtained  by  the  pant  or  jet  of  water 
issuing  from  a  noxzle  five  to  nine  niches  m  diameter  imder  a  head  ot 
2lX)  to  1 000  feet ,  capable  of  moving  thousand*  of  tons  of  gravel  to  the 
riffle-sluice  8C\'crftJ  miles  long,  saving  many  thousands  of  dollars  of 
gold.  At  this  stage  an  opposing  interest  appeared  in  the  farmer  on  the 
low  land  whose  river  was  filled  with  debris  and  his  funn  flooded  with 
water.  To  overcome  this  difficulty,  various  aehemes  of  rotaining-daou 
were  devised  and  found  to  a  \'ery  limited  degree  successful.  Ijiter 
came  the  dredger,  which  for  certain  deporits  holds  the  6eld  to-day. 
It  is  ft  flftt-hoat  floating  on  its  onu  little  pond  with  a  chaio-bufkat 
dmlging-lool  tit  the  bow,  a.  screen  tuid  rifHctablcs  to  save  the  gold, 
and  a  stacker  or  elevator  to  pile  up  the  refuse  at  the  stem.  This  boat 
performs  the  curious  feat  of  traveling  ucr^W!  the  countr\'  carrying 
its  pond  with  it,  cultmg  away  the  gravel  in  front  and  building  it  up 
behind.  These  dredgers  mine,  for  about  six  cents  per  cubic  yard. 
2000  yards  per  day,  and  the  gravel  may  run  from  ten  cents  to  one 
dollar  per  cubic  yard. 

The  dredger  is  self-contained,  saves  the  gold,  and  does  not  infringe 
upon  the  rights  of  Uie  farmer. 


Summing  up  Development 


And  so  through  tlie  various  stages,  the  development  of  mining  has 
gone  on  until  wo  have  the  large  modem  mine  equipped  with  fine 
machinery'  for  excavating  and  tramming,  those  with  powerful  hoisting 
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mgiiies  for  lifting  hundreds  of  tona  from  tknusands  of  feet  in  depth, 
with  grc&l  ore-breakers  for  crushing  the  rock,  and  fine  coiicentrntitig 
inachinerj'  for  enriching  the  ore;  (iimi»hcd,uli!0,with  nionatcr  pump* 
for  removing  the  water  from  great  depths  and  for  funiiithiiig  the 
concent rntttrs  and  fans  for  taking  out  ihe  powder  smoke  and  other 
dangcmus  guscs,pn!8crvii)g  the  lives  of  hundreds  of  men;  furnishing 
problems  for  the  mechanical  engineer  in  the  handling  of  great  maaaes 
of  materinl  with  rapidity  and  eponnmy;  wilh  pniblRins  in  surveying 
the  must  dilTicull  the  civil  eiigitieer  ever  has  lo  encounter,  (or  exwnpl© 
to  fix  exact  property  bouotliirios  or  to  unite  eubtermnean  galleries 
thousuids  of  feet  Iwlow  the  Kurfaee.  and  in  hydraulics  for  the  hand- 
ling of  unmeDee  volumee  of  water  to  be  made  use  of  or  to  be  got  rid 
of,  and  in  vluctricity  for  the  transmiusioo  of  power  many  miles  from 
disitimt  mountain  streams  to  excavate,  tram,  hoist,  pump,  ventilate, 
and  light  the  mines,  the  construction  of  great  buildings  for  bousing 
his  mnchim-ry  or  bis  plants;  adapting  crudhbg  and  concentration 
plants  for  the  most  aurcessful  concent  rat  ion  of  theoreandof  smeltinB 
to  extract  the  meta)  with  the  least  coirt  and  greiitest  efficiency  and 
purity;  the  wise  selection  of  subordiuates  for  efficiency  and  loyalty; 
ihehandlingof  theraen  to  get  ft  day's  work  and  keep  them  contented 
and  happy;  the  financiering  of  the  mine  to  get  the  money  for  opening 
up  aud  developing,  to  keep  up  the  dividends  and  the  repairs  and 
de\'elopment  work  and  sinking  fund  all  at  the  same  time  so  Ihat  the 
owners  may  feel  that  tliey  get  intere-st  on  their  investment  and  get 
their  money  back  after  the  mine  is  worked  out. 

This  conipictcd  picture  seems  to  call  for  a  combination  of  mineral- 
ogisl,  genlogwt,  of  a  mining,  mechanical,  civil,  and  (>lectrical  engineer, 
of  a  chemist  and  melallut^iBt.  of  a  builder,  a  manager,  and  a  fiiiuii- 
eier.  a  mjm  wilb  literary  ability  and  personal  magnetism.  Such  a 
eomhination  seems  aliaurd  at  first  glance,  life  is  n't  long  enough  to 
occomplishil.BLd  yet.  ftith  certain  provisos, it  Is  exactly  what  is  done. 

Mining  enliTprise«  occur  of  all  siies  from  very  Hmall  fo  very  large. 
It  transpires,  then,  that  in  the  small  mining  venture  the  mining  man 
must  be  able  to  handle  all  the  departments  specified;  while  on  the 
other  hand  in  a  large  mine  he  has  many  departments  u'ith  department 
heads,  mechanical,  civil,  and  electrical  engineers,  builder,  chemist, 
and  others,  but  he  has  to  direct  all,  so  that  a  gcxid  working  know- 
ledge along  the  various  linea  is  quite  as  importaut  if  not  more  vo 
than  in  the  case  of  the  smaller  mine. 

The  question  may  now  u'ell  arise,  On  what  lines  and  hnw  should 
a  man  fit  himself  for  this  class  of  position  7  How  can  he  heat  master 
this  wide  relationship  of  the  mining  engineer  to  the  other  fields? 

I  will  attempt  to  answer  this  question  in  some  detail.  The  accom- 
plishments he  needs  are  comprised  substantially  in  this  list : 

Engliuli:    He  sliould  speak,  read,  and  write  the  English  language 
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tvrll,  to  convey  intelligeTitly  liia  plans  tuul  auggestionB  to  Us  supe^• 
riors,  his  wishes  to  his  subordinfttcs,  ftnd  Ui  read  up  hie  nuthoritiea 
(ID  mutterH  prufr-ssiunnl. 

Language:  He  Rhoutd  know  foreign  languages  for  ease  in  con- 
versing ifith  foreigners  nnd  reading  their  works. 

lAteralure:  He  should  be  familiar  with  goiid  litentture,  lo  give 
hira  caae  in  meeting  people. 

Logic:  He  should  UTtdcrstnnd  the  basis  of  arg:unimt,  tbe  rela- 
lione  of  cause  and  ofTect.  both  as  to  men  and  things. 

Mothcmctiies:  Uo  should  be  able  to  use  mathematics  for  clear 
thinking,  domnnstratinf;,  and  e»timating. 

Pki/nca:  He  should  be  familiar  with  the  laws  of  physics;  tnech- 
allies,  heat,  light,  electricity,  sound,  pneumatics,  hydmulica.  to  help 
him  act  wisely  in  professional  matters. 

Chemistry:  He  must  understand  the  laws  of  chemistry,  not  only 
OS  to  cdccta  of  humid  operations  but  as  to  effects  of  fire. 

Drawing:  He  must  have  a  good  working  knowledge  of  drawing 
for  clear  thinking,  for  making  designs,  for  expounding  plans  to 
others,  and  for  direeting  work. 

I'oiccr:  He  must  know  the  prime  movers  in  their  operation, 
their  RooDomy,  and  efficiency. 

Machinery:  Ue  must  understaud  the  trauBmittiog  machiner>-, 
to  bring  hiti  ]>ower  to  the  commercial  end  point  with  the  greatest 
economy. 

Bailroadt:  He  must  understand  the  laying  out  and  ruimiDg 
of  railroads,  including  cuts,  fills,  tunnels,  grades,  tracks,  switches, 
bridges,  rolling-stock,  locomotives  (or  conveying  his  material. 

5«n'cvt"S'.'  He  must  understand  surveying  for  defining  under- 
ground boundaries^  for  meeting  underground  workingii,  for  locat- 
ing, gradmg,  roads,  buildings,  machines,  water-pipes,  ditches, 
wires,  etc. 

Mineralogy :  He  mu«t  know  and  be  able  to  determine  the  minerals 
of  economic  importance,  to  recognize  aud  take  advantage  of  valuM 
when  ixml  where  opportunity  occurs. 

Geology:  He  must  be  slcilled  in  geolog)*  for  locating  deposits,  in 
preliminary  work,  nnd  for  predicting  the  whereabouts  of  orenie' 
posits  in  existing  mines. 

MatcriaU :  Ho  must  know  the  materials  of  engineering  —  what, 
when,  where,  and  bow  to  use  them,  and  also  to  pretterve  them. 

StructuTes:  Ue  must  know  the  principles  upon  which  structures 
are  built  and  the  practice  in  building. 

Law:  He  must  be  up  in  the  law  of  contracts  and  of  titles,  to  see 
that  bis  company  gets  its  rights  in  p^uxhastng  materials,  selling 
materials,  and  in  ownership  of  its  property. 

Labor :  He  must  know  the  value  of  a  day's  work  and  see  to  it 
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that  Ills  meit  know  that  he  knowH.  He  mtuit  study  the  lubor  pro- 
blem so  lu  to  deal  wiwly  in  the  lime  of  need. 

Butiness :  He  iim9t  uaderetand  the  principlee  on  which  busi- 
neae  U  trtLdsiictcd  »o  as  to  get  fuir  trcntmcDt  and  yet  keep  bis  cus- 
tomers. 

Finance :  He  must  understand  the  principles  of  baokiag,  and  of 
estoblisbing  nnd  holding  credit. 

Mining:  H«  must  undentand  tho  minrng  operations,  eafely  to 
mine,  prepare,  and  ship  the  ore  or  coal. 

MtialtuTtpj:  Ho  miiitt  utider»tand  the  chief  ineta]lurgi«:al  opera- 
tiona  for  th«  common  mctaU  so  ns  to  suit  the  metnlliiTgist  with 
hiji  ores  or  become  a  inetaUurgial  if  upponunily  and  inclination 
lead  liim  that  way. 

Elc  will  equip  himself  along  ns  mtmy  of  the«e  lines  as  ho  can,  and 
nctahlbih  connections  for  aupplying  thoee  whicb  be  htn  nut  acquired. 

W«  irill  now  look  to  see  what  he  doefl  in  return  for  favors  receiv«d. 

If  we  look  about  us,  scarce  an  object  cau  be  seen  to  the  produc- 
tion of  which  the  miner  and  metallurgist  have  not  contributed. 
Ue'tal  object."*  owe  their  atrength  to  the  iron  or  the  copper  alloys 
of  the  miner,  their  purity  to  the  metallurgist,  their  beauty  and 
decorative  effect  to  gold,  nilvcr,  brass,  bronze,  stone,  potK-ry,  and 
wood,  all  of  them  got  from  the  mine  or  fashioned  by  metal  tools 
from  the  mine.  Our  carriages,  automobiles,  locomotives  move  us 
from  pliWTC  to  place;  our  wires  carry  our  telejihoae  and  telegraph 
itiei)itii^» ;  our  Rcwing-raachine.i  make  and  mend  our  K&rments;  our 
gaw«millg  make  the  lumber  for  our  houses;  our  harve-sts  of  wheat, 
corn,  and  potatoes,  our  pots  and  pano,  knives,  forks  and  spoons 
for  cooking  and  serving  food,  all  either  themselves  come  from  the 
hands  of  the  miner  or  the  tools  for  fa,ihioning  or  getting  them  are 
the  result  of  his  labor;  our  diplomatists  after  doing  their  all  with 
wits  come  as  last  resort  to  the  battleship,  the  guns,  tho  riffles,  and 
the  lead  from  mines.  And,  finally,  the  medium  of  all  finance  with 
whicb  we  run  our  mines,  our  factories,  and  with  which  we  purchaeo 
our  wares  and  supply  our  wants,  whether  for  peace  or  war,  ia  the 
gold  from  the  miner's  pick  and  sliovel.  We  may  say,  then,  that 
the  work  of  the  miner  reaches  the  interests  of  all. 


Coming  now  to  the  schools  in  which  he  ia  to  prepare  himself  for 
his  life's  work:  there  appear  to  be  throe  plans  of  education  which 
deal  with  the  problem  of  equipping  men  along  mining  engineering 
and  metallurgical  lines. 

(1)  The  school  of  practice,  supplemented  by  the  correBpoudence 
school. 

(2)  The  technological  school. 
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(3)  The  imivereity  followed  by  the  Icfluiical  school. 

Some  pupils  (it  all  thrDC  pliins  niach  the  hiehrst  pitch  of  profes- 
aional  re»pansibility,  as  tho  whole  question  i»  more  one  of  the  man 
than  of  the  plan.  We  have  no  relinbic  statistics  shoning  percentages 
of  succcMB  of  or  proportional  bucccss.  One  is  obliged  tu  resort  to 
opinion,  and  the  opiiiion  of  no  two  may  agree. 

The  egpecially  strong  point  is  the  first  plan  is  the  iiilitnatc  know- 
ledge that  i»  at-quireci  uf  th«  employee  cIosm  iind  of  the  iiunut«  de- 
tails, —  knowledge  of  work  wliicb  ia  obtained  in  the  doing  of  it. 

The  especially  weak  point  in  the  first  plan  is  that  it  is  narrow 
and  that  progress  is  slow.  Experiments  may  be  more  expensive  to 
the  company  and  in  consequence  a  greater  con8C^^'ati8ln  rules  and 
lack  of  readiness  to  adopt  new  ideas  even  when  proved. 

The  second  plan  has  the  advanta.^  that  in  four  years  from  the  hi^h 
echool  the  student  is  equipped  and  atrengtbencd  along  a  sufficient 
number  of  lines  so  that  he  can  do  the  rest  if  he  is  reasonably  ener- 
getic and  sensible.  He  nisy  tumble  down  because  he  has  not  made 
B  sufficient  ^ludy  of  the  employee  class.  He  can  pcrfeolly  well  avoid 
this,  however,  by  tJikini;  hold  of  manual  work  as  a  laborer  or  a  miner 
for  a  siifiicient  lime  to  acquire  the  knowledge  of  what  men  arc. 
whfit  they  do,  and  how  they  do  it.  He  may  tumble  down  I>ecau»e 
ho  has  not  made  a  sufficient  study  of  how  to  d&al  with  men  who 
arc  Ills  superiors,  or  of  the  capitalist,  class.  This  he  cnn  avoid  if 
he  will  ftccp]»t  every  opportunity  to  meet  men,  and  keep  himself 
well  read  up  ea  the  progress  of  his  profession  and  on  affiurs  of 
public  interest,  together  with  reading  of  good  literature. 

The  thin!  plan  takes  .lix,  seven,  or  eight  years  from  the  high 
school  and  may  load  to  crystallization  of  the  man  evtn  to  the  point 
of  inability  to  adapt  himsrlf  to  what  is  wanted  of  him.  Tliis  is  the 
weakest  point  of  this  school.  His  best,  prevention  or  cure  will  be 
to  take  hold  of  work  as  the  laborer  and  miner  and  make  an  bti- 
mate  study  of  the  einplnyee  class  by  doing  the  work  aide  by  side 
with  them.  In  regard  to  the  professioasl  work,  the  third  plan  may 
or  may  not  have  an  advantage  over  the  second  in  consequence  of 
maturity.  The  logical  advantage  may  be  offset  by  the  time  lost 
and  by  hurtful  crystalHisation.  "The  college  student  may  ha^-c 
learned  to  do  nothing  thoroughly  well,  and  if  he  enter  the  scientific 
school  after  graduation  may  be  less  fit  to  do  its  work  than  he  was 
four  years  earlier.  He  may  have  learned  to  depend  on  text-books 
rather  than  observation ,  and  on  authority  rather  than  on  evidence." 
The  strongest  point  of  the  third  plan  is  the  knowledge  the  student 
gets  of  riion  "f  influence  who  later  become  cHpitaliMts.  If.  however, 
the  member  of  the  second  school  is  energetic  and  sensible  in  work- 
ing for  thi?.  it  is  doubtful  if  even  (his  is  a  sufficiently  strong  point 
in  favor  of  the  third  plan  to  give  it  preference  over  the  aecood. 
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The  circumstance  of  spportunity  may  come  about  differently 
in  these  plans  of  education.  A  fine  engineer  may  be  hidden  away 
in  some  obscure  position  who  would,  if  circumstances  had  favored 
him,  have  become  renowned  all  over  the  world  by  the  greatness 
of  his  capacity.  The  third  plan  may  have  some  advantage  in  this 
respect,  in  finding  out  the  great  man  and  bringing  him  to  the  front. 
This  is  more  an  incident  than  a  virtue  of  the  third  plan  due  to  the 
men  who  follow  it. 


PRESENT  PROBLEMS   IN   THE  TRAINING   OF  MININ'G 

ENGINEERS 

BY  aAMUECL   DKKKDtCT   CHRISTY 

(Samttel  Bftnedicl  Chriatr.  Pttrfeasor  of  Minhig  «nd  Met^Diun'.  Umifrrit}'  of 
Colifor-nirt,  b.  Augun  8,  18fl3,  San  FranCMCO,  California,  IHi.Ii.  Univtinotj' 
of  Californin.  1874;  D.Sc.  Coliimbin.  1902;  Post-gnidxinlc.  Univcraitv  of  C«lt- 
fiimiH,  IS74-7fl.  Itwlnirtor  in  Anstvtical  Chemistry,  I'liivrpiity of  Cnlifomui. 
1W74-79;  I:uttniet*jr  in  Mininft  imJ  MotsiHurKy.  187y-M;  AwoeUti?  Editor. 
Mining  nuif  ."icii-ntific  Prcjw,  1S7S-70.  MMnlx-'r  of  American  In3titul.>  of  SUo- 
tug:  l!lii^iii«.-n9;  Sooiety  for  Pruinotioa  of  KrwAoeriDg  Eductttion;  California 
AoiuJentv  of  Science-*;  IuBtitLIt<^  of  Mining  and  ntUUatef,  London;  Hon.  nw^m- 
IxT  of  ChemirA],  ^fptJllUu^^clJ.  And  VbSig  Society  of  ^uth  Africa.  Author  of 
lUparl  on  Montf  Diablo  Coat  MifiM ;  ^lirw*  nnd  Workm  at  .l/madei*,  Spaw 
(tnuiKliited  from  Fn?nch,  1877);  Imperial QukkriljTr  H'orfe*.  Idria,  AuMria  (trtuw- 
iaXtxi fn>tn OiTiiiiiii) ;  ]-)xpi-rt  TrBtiniciDV  nii  tlif  Mi-t(ilIiitKy  <jf  Quicksitri-ratiil  U'mJ 
{U.S.  Circuit  Cciun);  Orim-th  of  Amrriran  Afiniitg  SrhooU  :  Quiekjiiiv^  J/ininp 
and  Aeduflivn  at  Ntv>  Almaden;  RiMnting  fluid  (hrva.  Votolililii  of  Gold ;  Seiv- 
titm  and  Prtfipilrtiian  o/  Cyonidt  olGald :  CtjaniHing  G-M-Hcorin/j  Sulphurrlg ; 
EleelromoHvt  Fore»  of  Mrlat*  in  C^/xtnide  SoliJirmt;  EUrlriral  Prtfiptlation  iff 
Cyanide  Matutii/n«,  etc.] 

"The  noon  is  always  Krenter  than  his  work."  TJie  iratiiijig  of  the 
m«n  who  are  to  develop  the  miiiei^l  resources  of  the  world  is  the 
most  important  problem  ttninected  with  mining  Pngineerinp:.  It 
becomes  ever  more  important  to  civiliKation  aa  the  mineral  wealth 
of  the  earth  approaches  exhnugtion.  I  have  therefore  dct-idcd  to 
consider  a  few  of  the  niort-  iniportant  problems  arising  in  tlie  traiti* 
ing  of  the  mining  engineer,  aiid  especially  those  arising  in  Ainerica. 

The  Peculiar  Naiure  of  Mineral  Wmlth 

Mining  and  agriculture  are  the  two  fundamental  arts.  With- 
out the  latter  our  existence  would  be  precarious;  without  the 
former,  our  civiliisatiou  impossible.  Agriculture  funiishe»  that 
regular  supply  of  food  and  raiment  which  loads  to  the  grou-th  of 
large  communities  in  which  cultivated  leisure  firBt  bcromes  pos- 
sible; while  mining  furnishes  tbe  metallio  thread  from  which  n 
woven  that  complex   fabric  «x'  call  civilization. 

But  in  these  two  arts  the  conditions  for  suecess  arc  widely  difTer- 
ait.  MoKt  of  the  crops  that  the  farmer  reaps  may  Ik-  harvcHtcd 
year  after  year,  and,  the  pro[»or  fortilixcrs  being  adiled,  he  may 
continue  the  annual  harve-tt  indefinitely,  while,  as  a  result  of  culti- 
vation, hia  farm  becomes  yearly  more  valuable. 

But  the  crop  the  miner  reaps  ran  be  harvested  hut  once  in  the 
historj'  of  the  race.  Our  mineml  wealth  has  taken  unknown  ages 
to  mature  in  the  bo«iim  of  tho earth.  The  riiK'ned  fruit  nm  Iks  pluclceil 
but  once.    There  are  no  fertilijiere  for  worked-out  mines.    It  never 
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pays  lo  work  over  n  mine  that  has  been  "roblicd/'  cither  through 
igDorance  or  lark  of  okill;   uid  a  worked-out  mine  is  utterly  worth- 

These  differences  twtwccn  the  two  kmiis  of  natural  wealth  have 
been  long  recognised,  and  haw  led  in  the  Old  World  to  a  very  con- 
servative policy  in  the  utitiznttoo  of  mineral  wetilth. 

Though  the  franm^ntary  history  of  primitive  mining-law  U  full 
of  contradict  ions,  it  would  eeem  that  the  development  of  the 
mineral  wealth  of  the  world  was  at  first  evcrywiiftre  due  to  the 
free  initiative  of  the  miner,  whose  exertions  were  Btimulated  by  the 
right  to  posscHs  nhat  hin  energies  discovered.  But  ev«r>'whcre  in 
the  Old  World  the  maitetl  hand  of  the  sovereign  soon  seised  this 
importaDt  aourve  of  wealth  and  power.  It  was  need  at  first  exclu- 
sively for  hia  own  benefit,  but  a«  mom  enlightened  vicwa  of  the 
duty  of  the  sovereign  to  his  people  spread  through  Europe  at 
the  end  of  the  Middle  Ages,  those  special  rights  and  privilege;*  have 
been  used  more  and  more  for  th«  benefit  of  the  whole  people.  At 
the  present  time  in  some  of  the  Continental  countries  individual 
initiative  and  ou-nership  has  asserted  itself  once  more;  still,  it  is 
generally  true  that  in  moat  of  the  countries  of  Continental  Europe 
the  mincjs  (ire  cither  owned  or  are  worked  under  the  direction  of 
the  Government.  In  these  matters  the  policy  of  Great  Britain  and 
her  colonies  has  been,  in  Ktmeral.  intermediat4i  between  that  of  the 
United  States  and  of  Continental  Europe.  Hence,  in  what  fallows 
I  ^atl  dwelt  chiefly  on  the  difTcrvnceK  between  Continental  and 
Americtn  customa. 

CotUtTttnlal  and  American  Mining-Schools 

When  European  mining-schools  were  firat  organized  they  also 
came  naturally  under  Govemnipnl  con(r()l,ftnd  there  consequently 
resulted  a  eluse  union  between  the  mines  and  the  mining-schools. 
Tliia  in  turn  led  to  many  other  important  eonsequenci'S.  A  n'gular 
career  was  ojiened  for  the  graduates  of  the  mining-schools  either 
by  their  direct  employment  in  mines  operated  by  the  Government 
or  in  the  inspection  and  Hirectinn  of  the  working  of  mines  under 
Oo\-enimeut  control.  As  a  consequence  of  this  policy,  well-trained 
men  have  always  had  the  ntamigemrnt  of  the  mines  Under  ft  sort 
of  civil  service  jtystem.  And  also  a  wise  conservation  of  the  minemi 
wealth  of  theiee  countries  has  resulted;  the  mines  am  worked  system- 
atically and  have  often  kept  producing  a  steady  output  for  several 
hundred  years,  while  in  our  country  they  would  have  been  worked- 
out  and  abandoned  in  one  or  two  decades.  While,  according  to  our 
ideas,  there  are  <lrawback3  to  the  Continental  policy,  it  certainly 
tends  a  rcstraijiing  influence  to  the  natural  uncertfuntics  of  mining 


life;  It  gives  a  more  certain  tenure  of  offic«  to  the  mining  officials; 
and,  consequently,  results  ia  a  more  conservative  policy  in  tbo 
manogcmcul.  Il  effects  &  more  complete  extraclioa  of  nJl  the  ore 
tti  the  deitoatt,  a  hetter  avoidance  of  wastes  and  ft  more  complete 
utilisation  of  all  t  he  side  products.  On  the  whole,  the  »>'stcni,  when  _ 
wisely  adtriiulstered,  leads  to  exeellenl  results-  B 

Its  effects  on  the  early  developmcni  of  the  mining-schools  were 
also  favorable.  The  close  relation  betnt^en  the  mines  and  tlie  uumng- 
schools  made  it  eaey  for  the  one  to  assist  (he  other.  The  ^aduatce  of 
the  miniiig-«choois  wei-e  fts  MUrc  of  employment  in  an  honorable  pro- 
fession us  are  the  Kraduales  from  our  Goverument  military  and  naval 
academies  at  West  Point  and  Annapolis.  Hietori catty,  this  oonnec-fl 
tion  \iB»  lent  the  air  of  di.stia<;tion  that  clings  to  the  profession  of  the 
milling  engineer  apart  from  his  function  as  a  mere  money-gelter. 

On  the  Continent  two  grades  of  mining-echools  have  ^own  up.  The 
BergKchuiet  and  the  Bvrgakadrmie.  The  Hrrgsehule  trains  working 
miners  for  the  duties  of  mine  foremen,  while  the  BergakademiM 
traiuj  young  men  of  the  educated  class  for  the  duties  of  the  miniug 
wigineer. 

Tlie  system  here  outlined  possessee  many  advantages  and  is  admir* 
ably  adapted  to  the  countries  whore  it  originated.  But  it  irould  be 
impossible  in  America.  In  the  first  plaoe  our  Government  gives  away 
its  mines  and  docs  not  attempt  to  control  either  them  or  the  mining- 
scboole.  No  official  conucctiou  cither  exists  or  is  possible  between 
them.  Moreover,  though  there  ia  much  to  be  said  in  its  favor,  the 
sharp  distinctioc  drawn  between  the  licrgschuk  and  the  Hergakat. 
)D  Europe  is  at  variance  with  American  ideals  of  democracy. 

It  has  become  an  axiom  with  us  that  not  only  genius,  but 
talent,  ability,  and  capacity  of  any  kind,  are  too  precious  to  the  i 
community  to  allow  them  to  go  to  v-aste.    We  err,  indeed,  by  going 
to  the  uthor  extreunc.    But  there  Is  no  doubt  that  the  wonderful  in> 
dustrial  progresa  of  America  is  largely  due  to  that  equality  of  oppor-  , 
tunity  that  is  here  practically  open  to  every  young  man  of  ability. 

The  Ameriran  TcmperametU 

It  has  often  been  cliumud  that  t!ic  Anicrican  temperament  is  due' 
our  peculiar  climatic  conditions.  As  a  matter  of  fact  nearly  all  the 
climates  of  the  globe  charactetice  our  countrj-.  And  in  order  to  dis- 
prove this  theory  one  hns  only  to  cross  the  narrow  line  that  bouiub 
our  country  either  to  the  north  or  to  the  south  to  hnd  a  rdief  ^m 
thestrenuosty  of  the  American  temperament.  The  American  tempera- 
ment is  due,  not  to  climatic  cnnditionii,  but  to  a  mental  attitude  toward 
life.  When  a  man  feels  that  his  future  depends  not  so  much  upon  bis 
own  eHorts,  but  mainly  upon  the  pnniition  to  which  he  wa«  bom,  he 
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ia.  if  not  coDleoted  with  bis  lot,  at  least  more  likely  to  be  reconciled 
bo  it;  for  he  feela  it  idle  to  waste  himself  ia  useless  efTort.  Rtit  if  you 
can  conviDce  such  a  man  that  there  is  no  limit  tu  hi»  ambition  but 

lat  of  big  own  powers,  you  have  firod  him  n-itb  the  moet  powerful 
ttimulant  that  cuu  influence  human  nuturo.  It  is  tliii)  stimulant, 
working  day  and  night  for  over  a  century  upon  men  descended  from 
every  rnee  in  Europe,  that  has  produced  the  American  tcmpcrnmcnt. 

It  is  a  teinpcramnnt  lliat  was  not  unknown  in  GrcuL'C  in  its  great 
democratic  days.  Republican  Rome  felt  it  too.  But  in  monarchies 
its  influence  is  nrioittly  oonlincd  to  the  army  and  the  nftvy.  For  in  war 
times  the  best  man  must  be  had  regardless  of  his  birth.  Napoleon 
overran  Europe  by  declaring  to  hie  men:  "Every  soldier  carries  the 
Marshal's  baton  in  his  knapsack." 


TAe  R6le  o}  "the  PraeHaU  Miner"  in  America 
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V    TCowhere  in  Amerion  has  this  influenoe  been  more  keenly  felt  than 

Kin  the  mining  industry,  particularly  in  the  Western  States.  The 
policy  of  our  QoTemment  in  throwing  open  to  the  hardy  prnfl]>ector  its 
ownorship  in  the  mincrnl  wealth  of  these  states  has  stimulated  men 
without  prcviouB  ttthnical  odiicution  and  traininj?  to  urcomplish 
what  in  older  countries  would  be  regarded  as  physical  impossubilities. 
It  is  true  that  the  path  has  been  marked  n-ith  waste  of  mone^', 
labor,  and  life.  Blunders,  failures  there  have  been,  and  still  are,  innu- 
merable. But  the  accomplishment  is  all  the  more  remarkable  when 
we  reco^niie  these  fact!*,  for  it  testifiox  to  the  almost  suporhuman 
energy  with  which  Ibeae  obstacles  have  been  overcome. 

■  We  are  greatly  indebted  to  the  Old  World  foritecontributionetothe 
mining  and  metalluiKic  art.  but  we  ere  beginning  to  repay  the  loan 
with  generous  interest.  And.  to  tell  the  truth,  it  is  largely  due  to  tlie 
plain  average  American,  without  college  education  or  training,  that 
many  of  these  advances  have  been  made.  Every  one  who  has  mixed 
much  with  American  miners  has  met  and  honored  many  such  un- 
crowned king!).  And  unltaa  the  graduate  o}  Ammran  mining  schoola  ia 
ready  and  willing  to  meet  vfith  this  kind  of  competition  without  fear  or 
favor,  he  uiU  mrdy  and  deservedly  faiL 

WM  This  was  the  first  great  prnblcm  that  confronted  the  American 
mining  schools  and  it  has  proved  their  greatest  advantage.  There  ia 
no  royal  road  for  their  graduates.  They  cannot  depend  on  the  Govcra- 
ment  for  places  in  the  mines,  because  the  Government  neither  owns, 
works,  nor  attempts  to  control  the  mines.  Neither  can  they  look  to 
their  diplomas  as  a  guarantee  of  employment. 

The  American  attinide  on  this  question  has  hitherto  been  very 
different  from  the  European.  Credentials,  degrees,  diplomas,  and 
recommendaticns  that  in  Europe  carry  great  weight,  in  America  often 
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receive  but  scant  attention.  Tlic  American  ort«n  amuses  him«^ 
with  titles,  but  deep  ilown  in  his  nature  is  an  instinctive  distnut  of 
any  one  who  takee  them  seriously.  Among  the  men  who  have  done 
most  to  develop  t)ic  mincrnl  wtwith  of  our  country  this  fcieling  is 
particularly  strong.  \Miat  a  man  is,  is  more  imporlatit  to  ibem  than 
wbo  is  he.  ^Vbat  a  mun  knows  interests  them  but  little;  it  concerns 
them  much  more,  what  use  he  can  make  of  this  knowledge. 

Herbert  Sp«ncer,  a  radical  in  so  many  of  his  ojMnions,  was  quite  in 
sympathy  with  this  point  of  view.  I  quote  from  his  Autobiograp/iy. 
vol.  I,  p.  109,  beginning  with  a.  passage  from  a  letter  to  Herbert 
Spencer  from  his  father: 

"'I  am  glad  you  find  your  inventive  powcre  arc  bcginniuf;  to  de- 
velop themselves.  Indulge  a  grateful  feeling  for  it.  Recollect,  also, 
the  ne\'er-eeasing  pains  taken  with  you  on  that  point  in  early  life.' "  _ 

Herbert,  Spencer  then  adds :  fl 

"The  last  sentence  is  quoted  not  only  in  justice  to  my  father^  but- 
also  as  conveying  a  lesson  to  educators.  Though  the  results  which 
drew  forth  his  remark  were  in  the  main  due  to  thnt  activity  of  the 
corustructivc  initiginntion  which  1  inherited  from  him.  yet  his  dis- 
cipline during  my  boyhood  and  youth  doubtless  served  to  increefe  it. 
Culture  of  the  humdrum  sort,  given  by  those  who  ordinarily  pees  for 
teachers,  would  have  Ic-ft  tlie  faculty  undeveloped." 

Footnote  by  Mr.  Spencer:  "  Let  ine  name  a  ffignificant  fact,  pub- 
lished while  the  proof  of  this  paper  is  under  correction.  In  The  Speaker 
for  April  f>.  1892,  Mr.  Poulteney  Bigelow  gives  an  account  of  an  inter- 
view with  Mr.  Edison,  tlio  cplcbiated  American  inventor.  Here  are 
Bome  quotations  from  it:  'To  my  question  as  to  where  he  found  the 
best  young  men  to  train  as  his  as&i.i(antR,  he  answered  emphnrically: 

'The  college-bred  ones  are  not  worth  a !   1  don't  know  why,  but 

they  don't  seem  able  to  begin  at  the  heginnim;  and  ^ve  their  whole 
Iieart  t^  the  work,'  Mr.  Edison  did  not  ponreal  his  contempt  for  the 
eollege  training  of  the  present  day  in  so  far  n.s  it  failed  to  make  boys 
practical  and  fit  to  earn  thdr  living.  With  this  optoion  may  be  joined 
two  startling  facts:  the  one  that  Mr.  Edison,  probably  the  roost 
lemarkable  inventor  who  ever  lived,  is  himself  a  eclf-trnined  man; 
and  the  other  that  Sir  Benjamin  Baker,  the  designer  and  conatnietor 
of  the  Forth  Bridge,  the  grandest  and  most  original  bridge  xa  the 
worid,  received  no  regular  engineering  education." 

Hr.  Spencer  might  have  added  himself  to  this  list  of  remarkable 
self-mado  men,  for  his  schooling,  though  excellent  as  far  as  it  went, 
vas  very  meagre,  and  he  made  himself  what  be  oame  to  be. 

In  the  words:  "  /  dan't  know  why.  btU  they  don't  se€m  aUe  to  begin  at 
the  heginnin/f  and  give  their  whalr  hettrt  to  thf  v'Ork."  Mr.  Edison  ha* 
put  his  6nger  with  singular  acuteneas  on  the  principal  failing  of 
improperly  trained  collie  students.    The  reason  why  they  an  not 
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vrilline  "to  begin  at  the  beKinmnf;  aud  give  tiieir  whole  heart  to  the 
work"  is  becatise  Uieir  etlucation  has  often  been  so  escluaivdy 
theor«ticiil  that  tliey  arc  filled  with  the  eonoeit  of  learning,  and  they 
have  an  inordinate  idea  of  their  uatried  abilitiee.  Hence  tieir  un- 
witlitigiicss  ''to  begin  at  the  bepnnJn^."  They  feel  that  they  ought 
to  lx>{;in  at  the  end  and  be  put  in  ciiaige  of  everytliing.  If,  in  their 
training,  theory  and  practice  bad  gone  hand  in  hand,  this  conceatt 
whifh  is  uuturol  to  all  younK  men,  would  have  been  soon  disaipaled 
by  the  hard  reaJlties  of  practice,  nad  the  young  men  would  have  been 
more  willing  "  to  begin  at  the  begiDtiing,"  and  more  ready  and  able 
"  to  give  their  whole  heart  to  the  work." 

At  the  same  time  I  cannot  help  thinking  that  Mr.  Edison  must 
lave  been  unfortunote  in  his  choice  of  "college-bred  assistants,"  or 
in  the  colleges  that  trained  them;  fur  in  uppusiliun  to  his  experience 
may  be  quoted  the  practice  of  a  large  number  of  his  important  rivala 
in  the  electrical  butiinefiD  and  of  an  increasing  number  of  iron  and 
steel  railway  biidge  construction,  and  mining  and  Bmelting  com- 
pauim,  to  draw  upon  the  graduates  of  engineering  schools  for  tlieir 
assixtojitA;  and  where  they  wisely  insist  on  the  men  beginning  at  tbe 
bottom  and  worjiing  their  way  up  according  to  merit,  the  results  have 
been,  on  the  whole,  more  end  more  satisfactory  as  the  engineering 
schools  have  adjusted  themselves  more  closely  to  tb^  environment. 
I  have  given  thn^c  stnmg  statements  of  the  failings  of  college-bred 
men,  not  to  indoree  them,  but  because  they  contain  an  important 
truth  that  must  be  recognizod  and  met. 

This  condition  of  public  opinion  has  from  tlic  very  first  forced  the 
American  mining  schools  to  stand  on  their  own  raerite.  Whatever 
success  they  have  achieved  has  been  due  to  this  hard  necessity.'  The 
atnidsphere  surrounding  European  miaiog  acbools  is  so  different  from 

'  I  ap|)#nd  in  this  «>nnertion  the  following  conciw  and  caustic  noti?  from  the 
Engin'fring  and  Afiniiig  Jtnm\al,  p.  1133,  Juno  12,  1R80.  wliioh  Bhowii  the  con- 
ditwn  of  nilnin"  in  America  only  25  yonra  ago.  Tlic  hopn  nxprrsiu'd  in  the  Uuit 
,  puuraph  tuui  itucc  l^i-n  largely  reoliied  to  thp  bcnelit  of  all  coiicrprneil. 

"Aeotrospoudfiil  wrllwuH,  isking  'If  it  i»  iibBolut«ly  necijBsatj'  lo  be  a  gradij- 
•te  of  a  ecboo]  of  minra  before  lieiug  able  to  eagoge  in  the  biMiaess  of  a  miniog 
engineer.'  Certainly  not;  in  fact,  before  engaging  in  the  bnsincn  of  mining 
•ngineeriDR  it  does  not  appear  to  I*  absolutely  necessary  that  n  man  rIiouIiI  know 
anylhniK  at  all,  iw  onr  crirrwpfMidt.'nt  can  vprv  well  satisfy  liirtuwlf  liv  viniliiig 
nine  out  of  t«n  of  thi-  minca  nfjuvst  to  him,  wdcrever  he  mnv  hf.  Hiwl  our  cor- 
rMpondcnt  luikrd,  whrtlicr  it  would  be  desimblf  tlint  u  man  nfumld  be  a  craduate 
of  a  Hchool  of  luiiicB  brfurc  i-ngiigins  In  uiining  raRinovrlni;.  %\v  sliould  have  on- 
BwcnrJ  in  tliu  alTimialive,  for  tin-  simple  n^nson  that  (Im  ooiirsie  of  study  in  « 
ecliool  vt  mines  is  calcultitod  lo  givi-  llio  elwnontary  education  Dccciauiry  for  b 
mining  engineer,  and,  other  things  bcina  eqiiikl,  ehoiitd  ^vd  it*  rociplrnt  on  ad- 
vantage over  those  wlio  luivo  Icnmetl  the  buainww  ()nly  m  prACtlcc.  The  counti- 
of  study  in  a  nchool  of  uiLni?.*  in  not,  howpvnr,  sutlkinnt  to  qualify  a  tiiiiiing  i-ngin- 
wr  to  tJikf  i^linrgn  of  importiiBl  works;  but  it  fomiiB  an  esodluiit 'foundation  upon 
nhich  Ui  build  o  pmelical  knon'li>dge  of  th«  businMs. 

"  Mnnv  of  our  ininca  are  now  oiidiT  tliL'  direction  of  compt-tcnt  engineeiB  an<l 
tile  rwiulu  of  litis  policy  arc  justifying  the  hoi>e  that,  Wore  very  lone,  a.11  com- 

iiMilea  of  got"!  utiiniiiiig  will  plaw  their  minos  in  chargn  of  men  ajipcinlly  trnincd 
ar  tbe  disch&i^e  of  tbc  mponeibic  and  impOTtaat  duties  of  a  mmicg  e'nginwr." 
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iftt  in  America  thnt  gradustes  from  such  schools  hiivc  alwaj'g  fouii' 
in  Ameiicii.  much  to  bo  unteiLriicd.  The  Amcricun  mining  schools 
have  already  adapted  themfielveH  so  well  to  their  en^i^oament  that 
this  year,  for  the  firet  time  in  nearly  a  century,  there  were  no  Ameri- 
ciiii  niiniug  students  in  the  i^rcat  Saxon  Mining  School  at  Freiberg. 
And  already  some  of  the  American  mining  schools  have  exceeded  in 
wealth,  in  equipment,  and  in  attendance,  this  niost  famous  of  all 
miniiig  schools. 

h  Theoretical  Training  Worth  While  f 

But,  it  may  be  urged,  if  practical  men  without  theoretical  traininj; 
have  accomplished  so  much,  what  ia  the  me  of  theoreliesl  (raininK? 
Why  not  confine  the  education  of  the  mtaing  engineer  to  the  purely 
practical  part,  omitting  all  thetheorj'?  Theanswerisnot  far  to  reach. 
The  purely  practical  man  has  indeed  accomplished  wonders,  but  at 
the  coBt  of  enormous  waste  of  money,  labor,  and  human  lives.  For 
every  success  that  he  has  made  there  are  a  thousand  failures  trhich 
only  the  thoughtful  notioe.  There  is  no  profession  where  practical 
experience  ia  more  essentia!  than  in  mining,  but  the  ncceaeity  of  a 
sound  scientific  training  is  even  more  indispensable.  A  hard-headed 
AriKona  miner  once  put  the  matter  verj-  tersely  when  the  superiority 
of  the  "practical  man"  was  b^ng  strongly  urged,  by  sayiug:  "I  have 
had  thirty  years'  practical  cxpcnence  in  mining,  and  I  would  givo 
twenty-ilve  of  those  years  to  have  had  a  good  technical  education  to 
begin  with,"  He  was  clearly  right,  for  a  man  well  trained  in  funda- 
mentals has  a  broader  grasp  and  can  more  intelligently  and  rapidly 
utilize  his  experience  than  a  man  without  this  training. 

Either  theory  or  practice  alone  is  helpless;  united  they  are  invin- 
cible. And  the  briltiant  success  of  the  American  mining  en^neor  in 
80  many  fields  has  bocn  because  thc^e  two  important  Qlemeots  have 
been  so  thoroughly  blended  in  his  tnuning. 
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This  problem  arisee  from  the  great  breadth  of  training  which  hai 
been  necessary  to  the  Americao  mioicg  engineer.  Like  the  soldier  or 
eatlor.  he  must  go  to  the  ends  of  the  earth.  His  work  often  lies  heyozid 
the  borders  of  civilization,  where,  like  Prospero  upon  his  londy 
isle,  be  must  conjure  up  his  resources  from  the  vasty  deep;  and  ha 
must  act  in  turn  as  gcolo^et  and  ax  civil,  mechanical,  hydraulic, 
electrical,  nuning,  or  metallurgical  engineer.  The  problem  is:  What 
degree  of  specialization  shall  be  undertaken  id  an  uodez^raduate 
mining  course?  Sliall  we  endeavor  to  turn  out  at  graduatioD  special- 
ists, each  completely  equipped  for  work  in  some  narrow  line,  or  shall 
wc  rather  attempt  to  establish  a  broad  basal  training  Id  the  physical 
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ecioQcee  on  n-hich  tho  future  en^neer  may  safely  btiild,  aa  circum- 
stances may  rerjuirer 

The  former  s)-stem  is  the  European  practice,  6ucb  parallel  courses 
as  mining  engineering  (further  sulnlivided  into  coal-  and  metal- 
ounJng)^  mclutluripcal  eagjuecriug  (also  iiubdi\ided  into  twu 
braiMhee),  mine-surveying,  mine-geologj',  and  tlic  like,  bcjiig  coin- 
tnonly  rer«gntxcd  dcpnrtmonts  within  vhich  the  student  Kpecialitu 
in  an  undergraduate  course. 

In  an  old  community,  where  the  mines  arc  under  Government 
control,  and  tiuatoms  have  cr>'8tallised,  auch  a  specializatioD  is  wise. 
Each  student  can  estimate  wiUi  certainty  the  need  for  the  specialty 
lio  chooses,  and  be  »ur«  of  employment  in  hid  own  line. 

But  under  American  conditions  (with  a  few  notable  exceptions, 
where  conditions  have  become  relatively  stable),  it  h  unsafe  to  spe- 
cialize  too  soun  and  on  too  narrow  a  btuis.  Here  the  mere  specialist, 
outside  of  his  specialty,  is  as  helpless  as  a  hermit  crab  outside  of  his 
shell,  and  unless  he  possesses  the  ability  to  adapt  himself  Mpofidily 
to  a  rapidly  changing  environment,  is  sure  to  go  under.  The  present 
age  in  America  id  one  of  rapid  change  in  all  industrial  and  engineering 
methocLi,  fluch  as  has  never  been  seen  in  the  world  before.  Old  estalj- 
lished  procestaea  are  being  conlinualiy  swept  aside  and  replaced  by 
now  ones.  These  changes  occur  with  kalcidoKCopic  speed  and  unex- 
pectedness; and  the  nun  who  has  i)ainfully  armed  himself  with 
precedent  and  ancient  lore  finds  liimeelf  hopelessly  beaten  before  ho 
can  e\'en  make  a  start  in  the  race.  The  .American  has  always  been 
characterized  by  his  fertility  of  resource  and  power  of  adaptation, 
^is  has  been  his  strength;  his  weakness  Las  been  bis  impatieni'e  to 
ilunge  into  practice  without  a  sufficiently  broad  and  deep  scientific 
training. 

Fundamentals  First 


tt 


T  believe  that  we  can  trust  to  the  American  jn.^inct  of  adaptability 
Trilhoul  much  further  atteutiou.    But  that  which  is  most  necessary 

to  insist  more  and  more  on  a  solid  foundation  of  scientific  training 
to  begin  with.  If  we  can  secure  for  the  American  mining  student  & 
ioundation  training   broad,  deep,  and    thorough    in   mathematics, 

ysics,  and  chemistry,  he  needs  little  else  to  make  him  invincible. 
The  mining  engineer  must  have  a  broader  basal  training  than  either 
the  civil  or  the  mechanical  engineer,  even  though  he  specialize  less. 
Mathematics,  physics,  and  chemistry  are  necessary  for  all  engineers; 
but  for  the  civil  enidncer  mathematics  is  fundamental,  for  the  mech- 
anical engineer  physics  is  equally  so,  while  for  the  mining  engineer 
we  must  not  only  add  physics,  but  also  chemistry,  with  her  closely 
related  allies,  mineralogy  and  geology. 

The  training  of  the  miaiog  engineer  cannot  be  too  thorough  in  all 
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these  subjects.    Each  u  an  cstsentiul  euppurt  to  any  superstnicture 
that  he  may  desire  to  build  it)  the  future.  _ 

Muthcnuitics  tfhould  Include  the  differential  and  integral  calculus,  f 
the  theory  of  probabilities,  nnd  the  im-thods  and  criteria  of  approxj- 
mtitiong.  A  firm  grasp  of  spaee-relatioiw  fkn  developed  in  descriptive 
gcoinctrj'  Is  p«<-tiliurly  important  in  fotlowing  geological  istnicturc  and 
vein-formations  in  the  deepo  of  tbe  earth.  The  mathematical  work 
should  be  made  familiar  by  numerous  applications  to  concrete  easel 
in  which  numerical  reeulltf  shntild  be  inKisted  upun.  lu  this  connection 
it  is  particularly  Important  that  the  engineer  should  be  made  to 
realize  thnt  the  most  important  part  of  his  numerical  reeult  is  the 
position  of  the  decimal  point,  and  only  after  that,  tbe  value  of  tbe 
6rst  BJgnLficant  figure.  Mathematical  instructore  too  often  iieglc«t 
this,  to  the  engineer,  most  vital  matter.  The  sense  of  tt  should  be 
made  instinctive.  It  b  much  more  importmit  that  mathematical 
instruction  should  be  thorough  aa  far  as  it  goes  than  that  it  should 
feebly  cover  a  large  territory.  The  subject  ohould  be  so  thoroughly 
mastered  that  it  comes  to  fit  the  hand  like  a  well-worn  tool. 

No  man  k  fit  to  teach  mnthemutics  to  engineors  who  haii  nut  had 
some  experience  in  its  applications  either  to  enjclneering,  to  pliysics, 
or  to  astronomy.  For  only  such  a  man  knows  juat  what  to  emphasize 
and  what  to  omit,  how  to  sympathize  with,  and  how  to  inspire  his 
students. 

blen  of  prime  ability  in  the  mathematical  faculty  are  absolutely 
the  first  essential  in  any  en^neering  school.  It  is  wonderful  how 
difficulties  melt  away  like  wax  in  the  fire  with  a  really  able  mathe- 
matical teacher.  By  such  a  teacher  mathematics  can  be  made  as 
interesting  as  a  romance  to  the  average  man;  while  it  is  often  regarded 
08  hopelessly  difficult  merely  on  account  of  the  poor  hands  in  which 
it  is  placed.  To  make  new  discovcriesi  in  the  field  of  mathematics 
requires  genius  of  a  high  order;  but  to  master  all  the  mathemattc* 
nccoi»sar>'  for  the  intelligent  practice  of  engineering  requires  no 
faculties  beyond  those  of  a  logical  mind,  a  certain  power  of  irosgica" 
tion,  and  a  reasonable  degree  of  application.  I  have  alwa\-s  found 
that  the  etudents  who  do  well  in  mathematics  do  well  in  everyUiir 
else  that  requires  close  thinking. 

Instnictton  in  physics  and  in  iiiatheniaties  i^hould  go  on  side 
side;  and  the  two  courses  should  be  so  arranged  that  the  matli»-^ 
matical  priociples  may  be  at  once  applied  to  phyacat  problems  of 
u  useful  nature.   Tlic  importance  of  actual  numerical  results  should 
be  always  insisted  upon.   The  student  should  be  trained  in  the  arts 
of  observation  and  in  inductive  as  well  as  deductive  reasoning.    He 
should  acquire  practice  in  the  theory  of  approximations  and  should 
form  the  habit  of  judging  or  "weighing"  his  own  results 
checking  them  by  independent  methods. 


he-V 


PROBLEMS  IN  TRAINING  MimXG   EXGINEERS     ft53 

While  the  whole  field  of  pliysics  is  import&ut,  the  fundamental 
ooDceptions  of  analytic  mechanics  (accelpration  work,  kjiiclir  and 
potential  encrgjO  and  their  Applications  in  hydmulics,  thermody- 
namics, electricity,  aiid  the  like  are  vititl,  and  cuiuiot  be  too  much 
emphasized. 

Inetniction  in  chemistry  should  bo  given  parnllel  with  mat  hematics 
and  physics.  It  offers  a  Guc  Irainiag  in  inductive  reasoning.  Besides 
die  usual  countcjj  in  general  and  analytic  chemistry,  the  modern 
methods  of  physical  chemistry,  as  devcloi)ed  by  sucL  iruisters  na 
Arrhenius,  Ostwald.  Nernst,  and  van 't  Hoff  should  be  brought  to  the 
attention  uf  ihc  i<ludout,  us  soon  as,  by  his  collateral  training,  he  is 
made  able  to  understand  them.  It  is  not  too  much  to  eay  that  the 
hope  of  the  future,  not  only  in  biology,  medicine,  and  hygiene,  but 
also  io  physical  gculogy,  the  science  of  ore-deposits,  and  the  art  of 
metalluTf^,  liefl  in  this  dire(;tion. 

Such  subjects  as  drawing,  surveying,  and  mapping  may  also  be 
earrieil  ou  simultaneously  with  mathematics  uud  physics,  each 
supplementing  the  other.  Similarly,  assaying  and  mineralogy  give 
a  new  interest  to  chemical  principles,  to  which  they  serve  as  useful 
appUcalioDB.  Geology,  itself,  iuipoitaul  as  is  this  uob!e  subject,  aut 
only  through  its  intriuBic  interest,  but  also  in  its  practical  bearings, 
is  really  only  an  application  of  the  principles  of  physics  and  chemistry 
to  the  study  of  the  evolution  of  the  earth.  And  it  can  be  mastered 
only  by  him  who  has  tliis  truiuing  to  build  upon. 

The  same  is  true  of  every  branch  of  engineering.  Each  is  only  the 
outgrowth  of  the  application  of  the  principles  of  the  fundamental 
physical  scienccji  to  the  needs  of  man.  He  who  has  this  training  has 
the  master-key  to  the  door  of  every  industry. 

The  necessity  for  thoroughness  in  this  fundamental  work  cannot 
be  too  much  emphasised  in  .\merican  mining  schools.  The  impetuous 
prefwence  of  young  Americans  for  what  they  deem  "practical "  is  a 
serious  liiudrunce  to  real  achievement;  and  the  only  way  to  remove 
it  is  to  con>'ince  them  at  the  very  start  of  the  power  and  value  of 
science.  'ITiis  can  best  be  done  by  leading  them,  from  the  beginning, 
to  apply  science  to  some  useful  purpose.  In  short,  they  must  be 
taught  by  experience  the  truth  of  Ostwald's  saying:  "The  science  of 
to-day  is  the  practice  of  to-morrow." 

There  is  much  to  be  said  in  favor  of  the  study  of  science  for  its  own 
sake.  We  have  all  sympathized  with  the  sentiment  of  the  mathe- 
matical profet^nr  who  "  thanked  God  that  he  had  at  last  discovered 
something  that  never  could  be  put  to  any  practical  use."  Still,  it  is  a 
healthful  instinct  that  leads  mw<t  men  to  estimate  the  value  of  ideas 
by  the  u^e  that  cmi  be  made  of  them,  and  whether  we  approve  it  or 
not.  the  worid  will  continue  tfl  do  that,  and  we  may  as  well  adapt  our 
plans  to  Uie  fact. 
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To  the  man  thus  funditnientnlly  trnined  nothing  is  itnpos9bl«.  He 
may  still  need  to  be  made  faaiilmr  with  the  general  scope  of  each  of 
the  main  branches  of  engineering,  their  relations  to  each  other,  the 
nature  of  the  problems  that  catih  ia  called  upon  to  solve,  and  the 
leadiui;  methods  which,  in  each  branch,  have  atood  Iho  test  of  time: 
and  he  should  be  made  sufficiently  familiar  with  the  literature  of  the 
subject  to  know  where  to  go  for  needed  panipidare;  but  any  attempt 
to  cram  his  memory  with  the  details  of  methods  that  caay  become 
olMolete,  before  he  is  called  upon  to  use  them,  is  a  distinct  aad  fatal 
mistake. 

The  Organiting  Faculty 
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The  sHcceHsfu!  en^new  is  a  creative  artist  in  the  use  of  materials 
and  energy*.  In  this  class,  he  atanda  first  who  with  the  smallest 
means  produces  the  ^rt-utcst  nnults.  Succttts  will  come  most  surely 
to  him  who  clearly  sees  the  nature  of  each  concrete  problem,  and, 
from  the  widest  outlook,  rhoo«eA  just  the  right  methods,  materials, 
andforcesnf  men  and  nature,  to  bring  his  imderlaking  to  a  successful 
issue. 

Among  engineers  the  creative  or  organiging  faculty  is  a  natural  gift 
as  rare  as  any  other  kind  of  genius.  But  fortunately  it  is  a  faculty 
most  Americans  have,  at  least  in  embryo,  and  it  can  bo  cuttivntcd. 
All  the  work  of  a  mining  school,  whether  in  the  basal  sciences  or  to 
the  technical  braRches,  may  be  utilized  to  develop  it.  Instead  of 
possessors  of  encyclopedic  erudition,  there  is  needed  a  type  of  man 
that  may  mechanically  remember  lafis  but  can  do  more.  Such  a  man 
learns  i-o  analyxe  each  problem  that  romes  before  him;  when  neces- 
sary, he  nins  down  the  literature  bearing  upon  it;  selccta  the  good; 
rejects  the  bad;  supplies  by  ready  invention  the  miesing  link;  de- 
cides what  must  he  done,  —  and  dots  ii,  cleanly,  rapidly,  and  with 
ccrwinty,  while  the  "encyclopedia  manjac"  is  sUU  digCBting  his 
erudition. 

This  kind  of  training,  repeated  again  and  again  with  every  subject 
studied  in  the  college  course  (at  firet  in  small  and  simple  problems, 
later  in  larger  and  more  complicated  once),  does  more  to  create  the 
engineering  faculty  than  anything  else  that  ran  be  devised.  It  is 
only  by  actually  doing  things  thai  we  learn  how  t-o  do  them.  Action 
mvi.^t  follow  reflection,  and  reflection  must  precede  action  for  suecew- 
ful  and  useful  life.  Unless  action  follows  reflection,  life  is  "wckUed 
o'er  with  the  pale  cast  of  thought."  Unless  reflection  precedes  action 
we  have  all  the  ills  that  follow  impetuosity,  of  which  anarchy  is  tin  ' 
final  and  the  bitter  fruit.  From  this  point  of  view  the  training  of  M 
engineers  has  a  moral  effect  on  the  whole  body  politic,  since  it  tends 
to  create  a  solid,  well-balanced  element  in  the  community.  Nothing 
develops  a  good  man  sooner  than  responsibility,  which  forces  not  only 
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reflection,  but  action  also.  And  the  sense  of  power  that  comes  with 
the  successful  exercise  uf  the  creative  faculties  in  the  engineering 
arts  is  one  of  the  purest  and  keenest  pleasures  of  ivhJch  our  oAture  is 
capable. 

The  greatest  service  tbose  in  charge  nf  the  hif^er  technical  branches 
of  the  nuning  school  can  render  their  studenta  la  to  show  them  how 
to  apply  their  scientific  knowledge  to  such  practical  problems  as  come 
before  them.  He  who  can  do  thia  for  hia  studcnta,  and  cjua  pvc  them 
u  taste  of  that  sense  of  power  that  comes  from  a  mastery  of  the  forces 
of  nature,  can  trust  them  to  go  the  rest  of  the  road  without  a  finger- 
poet  to  point  tlie  way. 

Pertonat  Contact  vnth  Working-Conditions 

I  have  said  that  the  mining  en^neer  should  learn  to  see  clearly 
the  problems  that  he  must  solve;  that  he  must  be  familiar  with  the 
materials  and  the  forces,  not  only  of  nature,  but  of  human  nature,  with 
whicb  he  mu»t  work.  How  ^hnll  he  gain  this  knowledge?  There  is 
only  one  way:   To  become  familiar  with  them  by  actual  contact. 

Should  this  experience  come  before,  during,  or  after  the  college 
course?  It  is  most  useful  when  it  comes  in  all  tlirec  ways.  But  coming 
only  after  the  college  course,  it  is  altogether  too  late.  Before  that 
course,  it  ran  be  usuatly  gained  only  at  the  sacrifice  of  that  general 
training,  particularly  in  the  lacigiiageH  and  the  humanities,  that  ia  so 
important  to  us  nil;  and.  moreover,  before  college-age  the  student  is 
usuuUy  physically  too  immature  to  undertake  such  work.  For  thette 
reasons  it  is  usually  best  to  let  this  experience  begin  witli  entrance 
into  the  mining-school.  In  each  college  year,  as  commonly  arranged, 
bom  three  to  four  months  nrc  given  to  vacations,  which,  occurring 
at  regular  perioda  in  summer  and  winter,  are  admirably  adapted  to 
a  progressive  course  of  practical  work  in  surveying,  mining,  and 
melallurgy.  in  which  the  student  can  familiarise  himself  with  practi- 
cal conditions  in  different  localities.  For  the  reasons  already  pven, 
this  work  should  begin  with  the  scliool  course,  and  be  carried  on 
progressively,  at  regular  intervals,  with  the  theoretical  work.  It  is 
thus  practicnblc  for  the  student  to  gain  nearly  a  year  of  experience 
in  a  considerable  ranReof  methods.  He  is  thus  in  a  position  to  deter- 
mine his  own  fitness  for  the  work;  to  learn  the  branches  for  which  he 
is  best  adapted,  lind  for  which  there  is  most  demand;  and  tw  make 
acquaintances  that  will  be  useful  to  him  afterwards.  If  he  shows 
aptitude  for  the  work,  he  is  reasonably  certain  of  finding  the  place 
for  which  he  is  suited;  and  if  he  does  not,  ho  can  adjust  liiniself  to 
some  other  calling  without  further  waste  of  time. 

The  importance  of  this  training  for  the  mining  engineer  is  greater 
than  in  any  other  branch  of  eti^oeeriug;    for  the  conditions  that 
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he  must  nwet  are  entirely  different  from  those  of  sny  other  call- 
ing. But  it  hD8  bc*n  much  more  difficult  to  aeeure  it  urnler  Amer- 
ican than  under  European  eonditions.  Besides  tlic  Im-k  of  olTinal 
connection  betwc^en  the  nuDes  and  the  mining  schools,  thorv  hna 
li«en  a  etrong  prejudice  iig&inst  college  students  on  the  part  of 
practical  men.  Tliis  is  partly  due  to  experience  with  men  trained 
exdusivelj  in  the  old  classical  course,  and  almoHt  hclplsaw  in  prac- 
tiesl  ftffaira,  beeaiise  absolutely  without  knowledge  or  sympathy 
with  nature.  But  it  is  also  partly  due  to  the  self-assertion,  flip- 
pancy, and  conceit  gf  which  young  men  jiut  out  of  college  arc  often 
guilty. 

The  "  Mining  Laboratory  " 

Several  solutions  have  been  proposed  to  meet  this  difBculty. 
The  firet  and  most  original  is  the  so-called  mining  laboratory,  per- 
fected through  the  pioneer  work  of  I'rof.  R.  H.  Richards  of  the 
Massachusetts  Institute  of  Technology.  This  has  .since  become  a 
prominent  chMncteristic  of  American  mining  schools  gcnornlly, 
and  in  new  being  adoptei]  in  Europe.  According  tn  thiK  plan,  the 
leading  operations  of  crushing,  concentrating,  and  working  ores 
are  executed  by  the  students  on  a  small  norking-scolo  in  the  labora- 
tories of  the  school  itself.  In  liiis  way  the  schools  have  become 
partly  independent  of  the  minee,  so  far  as  the  study  of  metallurgy 
and  ore-dressing  is  concerned.  In  purely  mining  practice  the  pro- 
blem is  more  difficult.  I  have  for  ten  yeare,  with  some  success, 
made  an  attempt  in  this  direction,  so  far  as  rock-drilling  and  blast- 
ing arc  concerned.  For  this  purpose,  a  mining  laboratory  hoa  been 
provided,  in  which  the  operations  of  aharpening,  hardening,  and 
tempering  drills,  and  the  single-  and  double-hand  drilling  of  blast- 
holes,  as  well  as  machine-drilling,  are  illustrated  on  a  working- 
scale.  Later,  with  the  aid  of  an  eJtperienced  miner,  the  operations 
of  blasting  arc  conducted  by  the  students  in  a  noi^boring  quarry. 
In  the  new  mining  building,  provided  for  the  University  of  Calt- 
fomia  by  the  generosity  of  Mrs.  ITearet,  it  is  proposed  to  extend  this 
work,  as  far  as  practicable,  to  other  branches.  Tliesc  devices  have 
all  proved  very  useful  in  familiarizing  students  with  important  cur- 
rent methods,  under  conditions  where  they  may  be  controlled  and 
Studied  in  detail,  even  better  than  io  the  hurly-buriy  of  pniclkc. 
The  mining  laboratory  is  one  of  the  most  important  of  the  efforts 
of  American  schools  to  adjust  themselves  to  their  environment. 


I 


The  Summer  School  of  Practical  Mining 

But  helpful  as  this  method  has  pro%'cd  to  be,  it  still  fails  to  bring 
the  student  face  to  face  with  the  actual  conditions  of  mining  prac- 
tice.   The  next  important  step  was  taken  by  Prof.  Henry  S.  Mun- 
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roe,  of  the  Cr>luinbia  School  of  Mines.  For  many  years  he  has  de- 
voted much  labor,  with  notable  foresight,  judgment,  lacl,  and 
discriini Italian,  to  the  system  now  kuonn  fi»  the  Sumtncr  School 
of  Practical  Mining.  To  him,  mare  than  to  any  oUier  one  nmn,  we 
owe  this  very  useful  adjunct,  which  ba£  been  adopted,  with  va- 
rious modificntiomi,  by  most  American  minin^^  schools.  It  i;;  un 
outgrowth  of  the  gcolotiical  excursion,  su  long  practiced  in  German 
mining  schools.  Hut  here  it  haa  been  made  to  comprise  the  study, 
by  a  body  of  sivulents,  under  the  direction  of  their  professors,  of 
Uie  lending  operations  of  mimog,  dressing,  and  woricing  ores.  One 
or  more  mining  djtitricts  and  several  mines  are  visiled.  during  a 
trip  of  a  month  or  more.  Surveys  are  made;  sketches  aiid  notes 
are  taken;  and  tho  student  be^ns  to  acquiio  a  first-hand  know- 
ledge  of  mftny  conditions  which  lie  mufit  aftcrwarda  mcnt. 

An  interesting  modification  of  this  method  has  jiiat  been  at- 
tempted jointly,  at  the  suggestion  of  Prof.  John  Hiiys  Hammond, 
of  the  Sheflidd  Sihnol,  and  under  tho  direction  of  Prof.  II.  S.  Mun- 
roe,  of  Columbia,  by  the  mining  schools  of  Columbia,  Colorado, 
Harvard,  the  Massachusetts  Institute  of  Technology,  and  Yale. 
It  consists  in  hiring  a  mine  for  the  eumnier.  and  putting  the  atu- 
dcnts  ut  work  under  proper  direction  nt  the  vurious  operations  of 
practical  mining.  In  this  way  the  mine  for  the  lime  being  is  turned 
into  a  eort  of  school  for  the  young  men.  This  change  certainly  baa 
many  iidvantnges.  It  comos  ns  near  the  European  conditions  tus 
is  po6sibIe  in  America.  It  enables  the  operations  of  the  mine  to  be 
subordinated  for  the  time  being  to  the  needs  of  instruction.  This, 
for  beginners,  is  certuinly  a  great  atlvantage.  The  method  is,  liow- 
Bver,  an  expenaive  one;  and  several  years  of  axperieuce  are  neces- 
eaiy  before  it  can  be  finally  judged. 

There  is  ttnother  modificition  of  the  Hummer  school  idea,  per- 
haps even  more  difficult  of  general  application,  with  wliieli  I  have 
had  the  most  experience,  and  from  which  1  hope  much  in  the  future. 
I  began  by  visiting  with  my  nUidents  various  mining  districts  each 
year;  but  I  found  In  this  plan  not  only  many  ndvaiitngos,  but  also 
many  fierious  difTicultics.  One  of  the  most  fundainentfU  of  the  latter 
was,  that  there  ie  an  important  element  which  a  man  doee  not  get 
by  merely  looking  on.  He  often  thinks  he  underetands  a  thing 
that  he  sees  another  do;  but  such  superficial  knowledge  is  not  to 
bo  trusted.  It  may  suffice  for  amateurs  and  dilettanti ;  but  red 
professional  knowledge  and  power  are  not  so  obtained.  It  leads 
to  that  false  sense  of  knowledge  that  makes  practical  men  bo  dis- 
gusted with  tho  man  just  out  of  college.  It  is  the  thorough,  in- 
grained mastery  which  loo;  familiurity  with  his  work  haa  given 
the  practical  man  that  makes  him  superior  in  any  emergency  to 
the  mere  "looker-on  in  Venice."    Moreover,  traveling  with  a  large 
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body  of  students  tends  to  emphssize  the  difTereace  between  the 
students  and  the  miners,  and  to  loftke  each  party  setf-conscioua, 
and,  to  a  certain  extent,  antagonistic.  Wliea  many  students  triivel 
together,  they  carQ'  with  them  the  college  atmosphere,  which  is 
the  very  tiling  they  nee<l  inoiit  to  get  away  fronir  in  their  varations. 
It  18  only  when  such  a  body  of  students  is  so  diluted  by  disp«n>al 
among  ii  Iiitkc  ounibcr  of  miacs  und  iniucrs  who  arc  working  and 
not  playing  at  nnining,  that  they  can  be  made  to  realize  that  tbey 
are  not  "the  whole  thing;"  then,  and  then  only,  are  they  in  a  pcwi- 
tion  to  derivti  any  nwl  benefit  from  their  cxpcricucc. 

Those  views  were  gradually  forced  upon  me,  as  they  doubtjnw 
have  been  forced  on  others,  by  a  study  of  results.  Moreover,  ui  the 
number  of  siudeats  in  the  classes  increased,  I  found  it  more  and 
more  difficult  to  secure  accommodations  for  them  in  any  but  a 
few  lar^  mining  centreti.  This  greatly  limited  the  practicable  Kope 
and  variety  of  tlie  work. 

But  the  cause  that  finally  decided  me  to  make  n  change  vrnii  the 
lack  of  means,  among  some  of  the  best  students,  to  pay  the  ex- 
penses of  such  trips,  in  addition  to  those  of  the  college  course.  Some 
of  these  men  asked  to  be  permitted  to  n-ork  for  wixgei,  instead  of 
attending  the  summer  school.  This  was  done  in  certain  easee;  and 
I  found  at  once  such  an  improvemcHt  in  the  subsequent  work  of 
tlie»e  students  that  I  decided  to  alter  my  general  plan  accorilingly. 

The  mctbodf  ae  thus  far  worked  out,  is  to  require  that  oaeh  stu- 
dent shall  spend  at  least  a  month  underground  in  the  study  of 
practical  mining.  As  «  matter  of  fact,  most  of  the  etudents  thus 
spend  from  six  to  eight  months  during  their  college  course,  and 
many  of  them  even  more.  Kach  miist  prepare  a  wcll-wrillcn  account 
of  his  experience)),  together  with  an  essay,  on  a  subject  chosen  by 
himself  from  among  thoec  that  interested  him  most.  These  paper!> 
arc  read  before  the  whole  clana  and  arc  di-trusacd  and  criticised  by 
all.    Many  of  them  have  been  extremely  mterestlng  and  inirtructive. 

The  students  are  not  required  to  work  for  wages,  and  are  even 
discouraged  from  doing  «o,  unless  they  are  physically  mature,  and 
have  some  fanullarity  with  the  work.  But  all  are  strongly  urged 
to  attempt  this  before  they  graduate.  Mort  of  them  need  very 
little  encouragement;  in  fact,  they  take  to  it  bs  natumlly  as  ducks 
to  wafer.  There  is  a  time  in  the  development  of  a  yotmg  man  when 
hard  work  seems  to  be  a  phy.sical  necessity  — an  assertion  of  his 
manhood.  It  has  even  come  to  pass  among  us  that  the  young  man 
■who,  frftm  physical  or  other  disability,  docs  not  do  so,  loses  caete 
among  his  follo;w. 

There  is  of  course  a  certain  disadvantage  in  irorkinE  for  wages. 
A  man  has  to  do  the  same  thing  over  and  over  again  and  is  umally 
too  tired  to  think  much  while  doing  it.  But  this  objection  isoanly 
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removed;  for  when,  by  a  month  or  more  of  hard  work,  n  man  has 
rsttkhlbhcit  himself  and  paid  liis  way,  it  is  very  easy  for  him  to  take 
further  time  at  his  ovra  expense  to  get  a  general  view  of  the  work 
as  a  whole.  Some  men  are  of  course  physically  unable  \t>  iierform 
manual  labor  for  wages.  But  unleee  they  are  unusually  well  adapted 
for  the  profei^ioD  in  other  ways,  such  bodily  wtHikne^t  is  generally 
an  indication  that  they  had  better  adopt  a  less  strenuouB  uoeupa- 
lion.  I  have  newr  found  that  the  men  have  been  lacking  in  mental 
grn^p  from  having  to  work;  though  naturally  one  caiuiot  do  hard 
labor  and  take  volmainous  notes  on  the  same  day. 

On  the  other  hand,  there  arc  certain  great  advantages  in  work- 
ing for  wages.  It  gives  a  man  a  jtwt  self-confidence,  as  nothing 
else  can.  He  feels  that  no  matter  where  he  may  bo  he  can  hold  his 
owD  among  men  as  u  man.  He  learns  tltc  point  of  view  of  the  work- 
ing miner,  and  how  to  nnn  hie  conBdence  and  respect.  He  gains 
an  inside  knowledge  of  the  errors  and  foiccesges  of  mine  ndmicis- 
tration.  He  cornea  to  know  the  meaning  of  "a.  day's  work,"  the 
trickfl  and  subterfuges  by  which  inefEcicnt  workmen  seek  tn  evade 
doing  their  duty,  and  the  way  to  treat  such  cases  without  unneccs- 
narj-  frielion.  Such  an  experience  is  sure  to  prove  invaluable,  when, 
as  he  growa  older,  he  is  himself  intruated  with  iho  miinagenient  of 
men.  He  will  be  more  likely  to  know  how  to  avoid  unneceaiuiry 
conflicts  with  his  men  from  having  himself  "borne  the  heat  and  the 
burden  of  the  day." 

A«  a  nile,  men  without  previous  experience  are  put  first  at  load- 
ing and  tramming  cars,  and  later,  at  single-  or  double-hand  drill- 
ing, or  as  helpers  on  n  nuichine-drill;  while  in  small  mines  they 
often  have  experience  at  timbering  or  at  the  pumps.  Many  of  the 
men  are  renlly  able  to  earn  full  wages  as  miners,  before  they  get 
through.  Often,  when  hard  pressed  for  resourcea,  they  work  a  yeiir, 
or  even  two  years,  underground,  thus  earabig  enough  to  pay  their 
way  through  college.  This  seems  rarely  expedient,  except  in  cases 
of  necesnity.  But  there  are  some  cases  in  which  an  excess  of  animal 
spirits  finds  in  such  a  rustication  a  natural  outlet,  and  the  man 
is  really  made  over  again  by  such  an  experience. 

The  men  are  adviited  not  to  go  in  groups,  but  usually  in  pairs, 
since,  in  cs.se  of  illness  or  accident,  a  faithful  "pardner"  is  n  great 
source  of  comfort.  They  are  also  advised  to  scatter  in  a  thin  skir- 
mish-line over  the  whole  mining  region  west  of  the  Rockies.  Some 
go  as  fflr  south  as  Mexico,  others  find  their  way  to  Cape  Nome  and 
(he  Klondike.  Thus,  like  bees  from  the  hive,  they  scatter  over  a 
wide  area;  each  brings  back  honey  of  a  slightly  different  flavor; 
and  fill  benefit  by  this  Heber  store. 

Many  diffieuUies  were  encountered,  particularly  at  the  begin- 
Ding,  m  carrjing  out  this  plan.   Many  atiU  remain  to  be  overcom» 
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before  it  can  Ijc  perfi^cted.  It  depends  for  succvsb,  not  only  on  the 
gCKtd  will  of  the  miiier  and  the  mine-owner,  but  also  upon  the  di«- 
crotion  and  tuct  of  the  student,  1  have  nlwaj'3  fouad  the  miuer,  and 
nearly  always  the  mine-o\Tiier,  willing  to  help  any  young  miin  nf 
good  physique  and  good  nature  who  was  tiot  overcome  with  a  sense 
of  hiu  own  grcnt  kiiowlodf;c  and  importunce.  But  when  a  '\*ery 
young  man  sets  out,  unasked,  to  slinw  another  ninn,  old  enough  tii 
ba  bis  father,  hove  to  run  a  mine,  there  is  naturally  trouble, — as 
there  ouglit  to  be.  For  the  first  lesson  a  young  nrnn  hm  to  leant 
iR  the  necessity  of  adapting  hiniBelf  to  hiP  surroundings,  end  of  fitting 
himself  into  his  place  iu  the  greater  mechanism;  nud  until  he  learns 
this,  bia  lot  is  likely  to  prove  rougher  in  the  mining  world  than 
anywhere  clac. 

There  is  much  to  justify  the  prejudice  againBt  a  man  who  goes 
to  college  suuply  to  escape  doing  his  Bliare  of  the  world**  work. 
Conscquc'tilly,  I  hnvc  advised  my  studenta  never  to  ask  for  work 
because  they  were  college  students,  but  aimply  beeausc  they  were 
able  and  willing  to  earn  what  they  were  paid.  In  idiort,  I  have  ad- 
vised tlicm  to  secure  in  their  vac»iions  the  iidviintagos  of  the  "  Wan- 
derjahren  "  of  the  German  apprentJee.  By  scattering  over  a  wide 
territory  they  are  abeorlwtd  very  naturally,  and,  as  a  rule,  without 
much  difficulty.  Sumo  of  tlieni  Imve  learned  hiird  lessonn  not  down 
in  books,  liut  il  hixe  done  them  Rood. 

The  men  are  all  advised  as  to  the  principal  precautions  to  be 
taken  to  preserve  their  health,  the  dangers  they  will  have  to  me«t, 
and  how  lo  meet  them.  They  arc  plainly  told  that  unices  they  are 
ready  to  take  the  bard  chancee  of  the  miner's  life  they  had  better 
choose  some  other  occupation. 

Among  more  than  a  tliousand  students  who  hnve  participated 
in  this  work  during  the  last  fifteen  years  there  have  been  bub  two 
serious  accidents.  Both  of  these  were  fatal.  The  victims  were  young 
men  who  had  been  working  for  nearly  a  year  in  the  endeavor  to 
earn  enough  rooncy  to  pay  their  way  througli  college.  Oitc  waa 
caught  in  a  cave.  The  other,  in  firing  a  bla*t,  had  his  candle  blown 
out  by  the  spitting  fuse,  aiid,  iu  the  darkness,  was  unable  to  rearh 
a  place  of  safety.  But  these  very  accidents  have  served  to  convince 
the  mining  public  that  the  Cutifornia  boys  were  enough  in  enmc;<t 
to  face  the  dangers  of  the  miner's  life. 

This  attempt  at  a  solution  of  the  problem  is  not  presented  as  a 
genera]  one;  it  is  probably  better  adapted  to  Western  than  (o  East- 
em  mining  conditions.  It  can  only  tie  applied  when  there  exist 
a  large  number  of  mining  camps  within  easy  reach  of  the  mining 
school.  Its  I)e»t  feature  is,  that  it  falls  In  with  the  American  ide.* 
of  free  initiative.  Moreover,  it  serves  admirably  to  e^eet  the  fit 
and  reject  the  unfit  without  loss  of  time.    It  also  automatically 
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adjusts  thiKHe  questinna  of  nupply  and  dcmsiul  that  &ro  so  hard  to 
«e(t1e. 

In  spite  of  its  many  imperfect  ions,  the  system  is  beginning  to 
Iwar  fruit.  Tlie  opposition  to  coll^^e  men  ia  growiag  gradually  lew. 
It  is  found  that  int>fH  of  them  are  in  eameet,  and  arc  willing  and 
able  to  work,  and  that  some  of  them  have  ability.  Ilefore  the  term 
ol  work  is  over  a  man  ia  frequently  told;  "When  you  have  fin- 
ished college.  I  may  have  something  for  you  to  do."  Many  a  man 
has  dropped  in  this  way  into  juut  the  place  for  which  he  waa  adapted. 

In  short,  if  the  college  nian  can  overcome  the  prejudice  against 
him  that  often  exists  all  too  justly  among  men  of  affairs,  by  show- 
ing that  he  ronily  is  a  man,  modest,  millmfc,  and  capable,  his  edu- 
cation will  have  its  chance  to  count  in  the  end.  as  it  does  more 
easily  at  the  bcK^nning,  under  Old-M'orld  conditions.  Tlic  only 
chance  to  make  )iit<  start  that  the  American  mining  student  haa,  is 
to  meet  the  practical  man  on  his  own  ground.  He  can  always  do 
thia  if  ho  has  the  courage  to  break  the  ice.  It  is  hotter  and  easier 
for  him  to  do  tJiid  before  he  graduates  than  afterwards. 
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Experience  on  these  lines  has  emphasised  the  importance  to 
the  mining  student  of  a  sound  and.  if  possible,  a  robust  physique- 
By  this  I  do  not  menu  heavy  musclce  merely,  hut  essential  sound- 
ness of  the  vital  organa,  particularly  thnesB  of  dit^tinn,  einrulation, 
and  breathing,  and  also  the  senses  of  sight  and  hearing.  Import- 
ant us  those  po»;se.ssioii8  are  to  all,  to  the  mining  engineer  they 
are  indbpensable.  An  early  physical  examination  by  an  experi- 
enced physician  should  reject  all  defective  candidates  as  rigorouely 
as  is  done  in  the  army  and  navy.  This  sliould  be  followed  by  a 
thorou^  physical  trainiiiK,  whose  aim  should  be  the  production 
of  a  smmd  and  healthy  man.  Some  instruction  in  the  fundament- 
als of  hygiene,  thi.:  precautions  necessary  in  the  use  of  food  and 
water,  the  precautions  to  be  taken  in  malarial  regions  and  some 
knowledge  of  the  "first  aid  to  the  injured,"  aro  vcrj-  uHCfiil  to  men 
who  mijRt  often  serve  as  lenders  of  a  forlorn  hope  in  a  strange  land. 

£ven  more  important  than  physical  soundness  is  moral  soundness. 
It  is  abnnlutcly  nccetvary  that  mining  engineers  not  only  sec  the 
truth,  but  speak  it.  Scientific  training,  when  thorough,  always  de- 
velops one  important  moral  trait.  It  helps  to  elevate  the  love  of 
truth  into  a  religion.   This  is  its  greatest  moral  acrvice  to  society. 

In  this  connection  we  are  all  under  indebtedness  t«  the  late  Mr. 
A.  M.  Wellington  for  his  able  articles  on  "The  Ideal  Engineering 
School."' 

'  Engintenng  Newt, — L693i 
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Speaking  o£  the  young  engineer,  he  says:  "He  must  be  truthful 
and  worthy  of  trust,  must  mean  what  be  says  and  siiy  nrh&t  he 
means.  If  he  cannot  do  thie  he  must  be  sileut."  And  again:  "All 
men  whose  advancement  depends  on  those  above  them  muat  not 
only  be,  but  also  seem,  faithful  to  liiose  above  them." 

He  calls  attention  to  the  fact  that  the  lawyer,  the  physician, 
and,  to  some  extent  tttiio,  the  clergyman,  depends  for  his  success 
almo&t  entirely  upon  his  individual  knonledKe  and  intellectud 
abilities.  Such  a  man  may  or  may  not  be  personally  agreeable  to 
those  for  whom  he  works;  it  is  hijt  knowledge  und  his  tochnicAl 
nkill  that  we  u-iBh  to  utilize  in  an  emereeney.  These  are  bis  own 
poesesfiions,  and  he  can  utilii^e  them  unaided  and  without  the  co- 
operation of  others. 

But  with  the  engineer  this  is  nut  the  ease.  His  work  eannot  be 
done  except  throiigh  the  friendly  aid,  not  only  of  many  engineer- 
ing co-workers,  hut  alao  through  the  help  of  capitid  and  labor,  the 
two  nioBl  difficult  elements  in  our  civjiiittttion.  From  the  incep- 
tion of  the  original  idea  to  its  final  completion,  men  and  money, 
hrains  and  brawn,  nature  and  human  nauire,  must  work  togetlitf 
without  friction  for  a  common  purpose. 

The  youn^  en^necr  must  win  the  cnnhdciicc  of  bis  superiors 
hy  a  faithfulness  and  loyalty,  free  from  suhservipoce;  he  muat 
secure  the  good  will  and  liking  of  his  equals  by  frankness  and  open- 
ness of  nature;  he  must  command  the  reepeet  of  bis  subordinates 
by  his  evident  mastery  of  hie  business,  his  sens©  of  justice,  his  free- 
dom from  petty  meanness,  and  his  fearlessness  in  the  discharge  of 
duty.  The  man  who  cannot  mtiCt  the  requirements  of  any  one 
of  these  three  relations,  no  matter  what  his  knowledge  and  tech- 
nical skill,  is  sure  to  fail.  And  because  they  poaseaa  these  qualities 
in  a.  high  degree,  many  men  of  very  ordinary  abilities  oft«n  succeed 
SB  en^neem,  when  men  of  superior  gonixiti  lamentably  fail. 

When  men  must  work  together  day  and  night,  aide  by  side,  in 
intimate  personal  contact,  where  relations  of  aubordinatioo  and 
command  necessarily  must  exist,  there  must  be  no  friction.  Even 
a  slight  uncouthness  of  nature,  or  rudenefts  of  manner,  objection- 
able personal  habits,  or  lack  of  tact,  become  simply  unbearable  at 
.^uch  close  quarters. 

All  thi£  ia  most  emphatically  true  of  the  mining  engineer.  No 
men  except  soldiers,  sailors,  explorers,  and  a.stronomers  are  subject 
to  such  a  strain  on  their  endurance- 

As  was  also  pointed  out  by  Mr.  Wellington,  the  necessity  for 
the  cultivation  of  the  social  graces  and  amenities  of  life,  for  habits 
of  personal  neatness,  for  self-control  and  uniform  good  nature 
under  conditions  of  hardship  and  privation,  have  always  been 
recognized  as  essential  qualities  in  the  army  and  the  navy.    That 
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it  is  poasible  to  cultivate  these  qualities,  even  io  the  most  betero- 
geoeous  material,  is  cvicleaced  by  the  success  of  our  military 
and  naval  academieu  in  producing  them  in  the  average  Americ&a 
youth.  The  raw  material  they  have  to  work  on  is  not  different 
from  that  which  goc«  to  our  cngiiieenDg  schools.  But  the  results 
they  attain  in  thia  reepect  are  bo  decided])-  better  thai  thero  is  no 
comparieon.  In  most  engineering  schools  these  important  qu&litiee 
are  simply  ignored,  and  no  attempt  i»  made  to  cultivate  them. 

Where,  aa  in  many  of  the  so-called  "Land  Grant  Colleges,"  a 
certain  amount  of  military  instruction  and  discipline  Ls  required, 
the  means  exist  by  which  theee  qualities  may  be  cultivated  to  some 
extent.  In  the  University  of  California  such  is  the  caso,  and  I  have 
always  found  that  the  mining  studenta  who,  by  attention  to  such 
matters,  succeed  as  oflicers,  invariably  take  high  rank  in  their  pro- 
fession in  oxccutivo  poftitiona.  It  is  one  of  the  few  chanceei  men 
bave  in  college  of  learning  the  arts  of  controlling  themselTea  and 
others.  There  is  no  agent  so  effective  in  forcing  men  to  realite  the 
means  and  advantages  of  cooperation  as  rigid  military  discipline; 
for  the  wars  and  struggles  of  our  race  since  primeval  timea  have 
polished  and  perfected  this  method  till  it  has  reached  a  high  state 
of  efficiency.  Rut  it  in  difBcult  for  engineering  schools  to  f^ve  the 
time  and  attention  to  it  that  is  possible  in  a  purely  military  Mchool. 

Another  important  meant)  of  reaching  this  end  is  to  be  found  in 
all  athletic  ftports  in  which,  as  in  baseball,  boating,  and  especially 
in  football,  team-work  plays  an  important  part. 

Organizing  studcntjj  into  parties  for  surveying  and  other  field 
and  laboratory  investigations,  where  each  in.  turn  act*  as  aid  and 
as  chief,  is  another  effective  means.  In  short,  any  agency  that 
develops  the  instinct  of  cooperation,  of  team-work,  of  the  faculties 
of  self-control. courtesy,  fidelity,  and  faithfulnofis,  will  prove  effective. 
It  will  be  more  difficult  to  secure  thene  qualities  in  America  than 
it  is  abroad,  because  of  the  strong  instincts  of  individualism  and 
sclf-iusort ioD  that  are  such  miirkcd  chnrnctoristics  of  American 
youth.  Nevertheleus,  the  uniform  success  of  Annapolis  and  West 
Point  in  these  matters  teattfies  to  its  possibility.  There  is  great 
room  for  improvement  along  these  linca  in  all  American  engineering 
schools. 

SuTuiry  Minor  Eszentials 

Tlicrc  are  also  certain  minor  matters,  too  often  neglected  by 
both  atudenlfl  and  profeHsont,  which  are  peculiarly  important  to 
the  young  engineer  in  his  first  work  after  graduation,  and  all  of 
which  can  easily  be  mastered  iu  college;  such  as,  noutnesu  in  draw- 
ing,  mapping,  and   lettering,  certainty   and   rapidity  in   numerical 
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work;  in  the  measurement  of  angles  aud  distaaccs  in  eur\'f>ying; 
and  io  sampling,  aseayiog,  and  the  common  methods  of  auuly^iis. 
At  first,  accuracy  is  more  impori&nt  Umii  apec-d.  But  the  latter  U. 
iu  practice,  only  less  impurtant,  and  should  be  insistod  on  from 
the  begianing.  A  sound  judgment  on  the  dcgn-v  of  prcciciioa  needed 
for  the  particular  purpose  in  questioo  is  oiso  indispensable.  The 
Student  should  be  sure,  on  the  one  hand,  that  his  errors  do  not 
exceed  this  limit,  and,  on  the  other  hand,  that  he  docs  nut  w&ste 
time  in  needless  refinement  when  approximations  sufHce.  He  ishould 
form  the  habit  of  always  checking  his  measurements  and  calcula- 
tions by  at  Icaat  tw<i  independent  methods.  Tlie  only  way  to  in- 
sure this  fitaodard  of  accuracy  and  dispatch  is  to  hold  him  to  the 
hard  Btandiird  that  he  will  have  to  meet  in  practice,  and  to  make 
him  rcoliise  Umt  fur  curcto^uoss  or  blundera  no  explaaatioDs  can 
be  accepted.  Rjgid  discipline  on  these  Hoes  should  begin  in  the 
mnthcmntirBl,  phyHical.  and  chemical  departments,  and  should  run 
ri|;ht  thruugh  the  higher  technical  work  with  increasing  severity. 
Tolerance  of  blunders  is  cruelty  in  the  end. 


Gi'niral  Training 

The  mining  engineer  needs  a  certain  fundamental  training 
economics,  by  reason  of  his  position  as  an  intermediary  between 
capital  aud  labor;  bis  oecees&ry  dealing  with  nusrchants  and 
contractors;  and  his  handling  of  questions  as  to  the  valuation  of 
mining  properties  and  the  financing  of  mines.  Elesides  the  broad 
questions  of  monej",  intertst,  wage*,  and  otlicr  leading  topics  of 
economics,  it  is  alsio  important  that  he  should  be  familiar  with  the 
laws  of  specifirations  and  contracts,  of  ordinary  business  usage,  the 
science  of  accountiug,  and  the  law  of  mines  and  water. 

The  broader  the  general  culture  with  which  a  student  comes  to  the 
mining  school  the  better.  'I'he  minimum  entrance  reqiureuieut  should 
include  some  familiarity  with  general  history ,  with  the  best  of  English 
literature,  and  the  comnuind  of  a  simple,  clear,  and  foreibic  English 
style.  A  TeadinR  power  of  the  leading  modern  languages  is  only  less 
necessary  than  a  mastery  of  one's  mother  tongue. 

As  the  trfltoing  of  the  mining  engineer  must  of  necessity  he  chieUy 
scientific  and  technical,  its  natural  tendency  is  to  put  him  somewhat 
out  of  sympathy  with  thegentler  side  of  human  culture.  It  is  import- 
ant to  coiintemct  this  tendency  by  keeping  hlin  in  touch  with  the 
finer  arts,  by  whieli  life  is  mellowed,  eruiched.  and  ennobled. 

Where,  us  is  frequently  the  case  in  America,  the  mining  school  is 
an  integral  part  of  a  great  university  whose  scope  includes  all  the 
activ  ities  of  our  nature,  this  end  is  easily  and  naturally  reached  bj  tbe 
association  of  mining  students  -with  other  students  who  an;  dc\-otiiig 
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their  lives  to  the  art«,  to  phtloiiopliy,  and  letters.  The  student  ia  thiu 
foiced  to  become  rumlliar  with  a  wider  uutlook.  Some  touch  with  one 
of  the  finer  arts,  suoh  as  mu^ic,  painting,  or  ucuIptuK-,  that  will  bring 
out  the  innate  love  of  idcul  beauty  that  exists  in  every  man,  is  nectfit- 
sary  to  a  well-balanced  nature-  Perhaps  the  most.  imporiiiDt  of  these 
influences  i3  the  cultivation  of  a  taste  for  generiil  literature,  whose 
poascasion  is  a  refreahnicut  to  the  soul.  Tlic  mining  engineer  who 
poiaKGEO)  it  takes  witli  him  to  vhe  ends  of  the  earth  an  inspirntion  that 
must  make  him  nil  a^jcDcy  of  mural  and  spiritual  uplift  ;v-herever  he 
may  be. 

Location  of  Afining  ScJioolt 

Which  is  the  better  lo<-ution  fur  a  mining  school,  —  a  miniug  i;entru 
or  a  commercial  one?  Successful  miniug  schools  have  been  established 
in  the  older  countries  in  both  8ituati<fl;s;  Freiberg,  Clausthal,  Prii- 
brani,  an<l  I<eobcn  arc  extiinplcs  of  the  former;  and  Paris,  Bei'Iin  and 
London  of  the  latter.  Hietorically,  the  first  to  be  established  veto  in 
the  mining  centres,  which  have  the  advantage  of  surrounding  the 
student  with  a  profetisioual  aloiosphere,  in  which  all  the  activities 
and  amhitioiut  of  life  gather  about  thi»  one  industry.  When  mean?  of 
conunuoication  were  poor,  sitch  a  location  was  almost  indispensable. 

But  such  a  location  tends  to  make  the  training  of  the  mining 
engineer  provim-inl  when  it  should  be  universal.  Moreover,  even  in 
Europe,  an  end  come«  at  1a«t  to  a  miniag  district,  and  the  mining 
school  becomes  stranded  in  a  dying  community.  Some  of  the  most 
famous  of  the  Europenn  ^chooltt  are  already  approaching  tbia  condi- 
tion.  which  yearly  becomes  more  desperate. 

It  is  for  this  reason  that  the  modern  tendency  is  la  the  opposite 
direction.  The  moot  |jermanent  of  human  inatitulions  are  the  great 
commercial  centres,  made  so  by  natural  physiographic  featiircn,  that 
facilitate  intercourse,  which  is  the  life  of  trade.  The  capital  that 
develops  mines  comes  from  these  centres,  and  the  profits  from  the 
mines  return  to  theni.  ITie  enterprise  that  underlakea  great  ventures 
hiut  its  source  there,  uiid  thence,  confining  iteelf  to  no  national 
boundaries,  reaches  out  to  grasp  the  natural  wealth  of  the  world. 

It  is  becoming  more  and  more  importajit  that  a  mining  school 
should  he  loeated  at  the  heart  of  things;  for  it  needs  to  be  not  only 
permanent,  but  permanently  strong;  to  maintain  relations  with 
capita]  not  lens  thun  luhor;  and  to  have  a  cosmopolitan  rather  than 
a  provincial  outlook  and  sphere.  It  is  as  necessary  as  ever  that  the 
mining  school  mIiouUI  be  in  close  touch  with  many  operating  mines. 
But  in  modern  times  this  is  much  more  easily  effected  from  commer- 
cial than  from  mining  centres.  For  these  rcasona,  I  believe  that  ia  ihc 
near  future  the  [xisitious  of  commanding  importance  wilt  be  held  by 
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mininf;  sehoots  located  near  larpe  commercial  oontres.  pnrticMlaHy 
when  these  command  nol  one.  but  many  mining  districts. 

OperSuppty  of  Mining  SehooU  in  America 

In  B  paper  on  "Ibc  Growth  of  AmtTican  Mining  Schools  and  their 
Rolation  to  the  Mining  Industry,"  read  at  (he  Eogineering  Congress 
at  tbe  World's  Fiur  at  Chicago  in  1893,'  1  have  already  called  attcQ- 
tion  to  the  relatively  small  proportion  of  mioen  atnoag  the  wage- 
earners  of  the  United  States.  According  to  the  Tenth  Cenisus,  the 
number  was  only  1.N2  [ler  cent  of  the  WBge-eurnerH,  or  0.63  per  cent 
of  the  total  populatiuii.  The  Eleventh  Census  showed  a  similar  rela- 
tion. Tlie  figures  of  the  Twoifth  Census  show  the  total  nomlier  of 
minent  and  quurry-mea  to  have  increased  to  1.95  per  cent  of  the 
lolal  wage-earners,  or  0.75  per  cent  of  the  {^opulatioa.  It  is  impossi- 
ble tu  dctcrniiiio  from  tbia  report  the  exact  number  engaged  in  metal* 
lurg:ic&l  work,  but  after  a  careful  study  of  the  data  given,  a  liberal 
estimate  for  metallurgical  laborers  shows  that  the  total  cooDOt  be 
for  both  industries  nim^h  more  than  2.5  per  cent  of  the  wage-earn- 
ere,  or  0.95  per  cent  of  the  population: 

On  Uic  basis  of  the  Lleventh  Census  (which  contained  no  enuma^ft- 
tion  of  mining  or  niotjilhirgionl  engineers)  I  estimate  that  there  could 
not  have  bc«n  at  that  time  over  SCXK)  persons  in  the  t'luted  States 
who  practiced  these  professions;  and  that  to  keep  up  the  supply 
would  require  about  2W  new  men  per  year.  In  the  Twelfth  Censusihe 
mining  engineers  were  enumerated  for  Uie  first  lime  and  the  □umber 
given  is  only  29(}$.  Metallurgical  engineers  are  not  specified;  but 
under  the  head  of  "  Chemists,  Assayers  and  Mi'lalbirgisls"  tbe  num. 
ber  is  8887.  It  is  plain  that  a  liberal  outside  estimate  of  mining  en- 
gineers and  mctallurgi»t8  would  be  ten  thousand;  and  to  keep  up 
the  supply  would  take  about  330  new  men  each  year.  By  including 
assayers,  mine^ur\'cyors,  and  the  various  minor  ofEcials  of  mining 
and  quarry  companies,  who  might  require  some  technical  training, 
this  number  might  pos»blybe  doubled  oreven  trebWI.  But  when  we 
remember  that  for  many  of  these  positions  ver>'  Uttle  training  is  re- 
quired, and  that  they  arc  open  to  any  one  who  wishes  to  attempt  the 
wiitU,  induding  many  mining  Htudcnt^  who  fail  to  graduate,  it  must 
bo  evident  that  there  is  a  legitimate  field  for  not  much  over  300  min- 
iug-flchool  graduates  each  year.  In  1893  I  showed  that  there  alicady 
existed  in  the  United  States  a  much  larger  number  of  mining  sohooU 
than  wna  poally  needed;  and  the  number  is  now  much  greater.  The 
attcnchuicc  at  many  of  these  schools  has  already  increased  caor- 
mously.    At  the  Univcraty  of  California,  for  instance,  the  gun  has 

■  rr<m»orft(w#.xxin.444;ftlBo,7Voit«orfM»Mof  tbeStcietjfortheProinci^ 
bogiiinriiiic  KdticatioD.  vol.  I.  1893. 
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been  nearly  1400  per  cent  since  1SS7.  There  is  no  doubt  that  the 
demand  for  mining  engineers  in  Anwrica  can  easily  be  supplied  by  the 
existing  schools.  It  would  be  a  distinct  advaut-age  if  they  could  be  re- 
stricted to  a  ver>*much8mftllcr  number.  Notmore  tbanaix.oratmost 
a  dozen,  fnvontbly  distributed  acconliog  to  the  needs  of  the  mining 
communities,  could  do  all  the  work  demaoded  of  them  much  better 
than  a  larger  number.  Under  American  conditions  no  regulation  but 
that  of  natural  competition  is  puKsible.  Much  could  be  g^ncd,  how- 
ever, if  the  existing  schools  would  cooperate  to  &x  a  common  stand- 
ard for  the  degrees  given.  While  do  ofiicial  relation  ^^-ith  the  mine?  i» 
possible,  the  moral  elTect  of  Kuch  a  step  would  be  very  great. 

Degrees 

One  of  the  reasons  that  so  little  attentioa  has  been  paid  in  America 
to  college  degrees  in  the  past  is  the  great  unevenness  of  the  require- 
ment«  for  thorn  in  diflerent  parts  of  the  country.  Wherever  a  degree, 
or  its  equivalent,  bos  come  to  moan  eomething  dcEnito,  ua  with  our 
militajy  and  navul  aciidenitea,  it  haB  recejved  full  recognition. 

Still,  thero  are  indications  of  a  genernl  change  in  the  public  eBtiranlo 
of  degrees.  Thij<  ha^  been  moist  marked  in  regard  to  the  degrees  of 
Doctor  of  Philosophy  and  of  Science.  These  hove  come  to  mean  a 
capacity  for  original  investigation  in  some  branch  of  science  or  lettera. 
It  would  be  a  distinct  advantage  to  the  mining  achoob,  and  to  the 
mining  profeeaion,if  a  similar  definite  meaning  always  wont  iviththat 
of  the  degree  of  mining  engineer. 

At  present  the  practice  of  American  mining  schools  differs  greatly 
in  this  matter.  Some  give  the  degree  of  mining  engineer  at  the  end  of 
a  four  years'  undergraduate  course.  One  even  gives  it  in  three  yeare; 
one  has  attempted  a  five  years'  course,  but  has  unfortunately  gone  out 
of  existence.  Others  pve,  for  much  the  same  amount  of  work,  only 
the  degree  of  Bachelor  of  Science  at  the  end  of  the  undergraduate 
course,  and  reserve  the  degree  of  mining  engineer  for  advanced  work. 

I  am  convinced  that  no  matter  how  excellent  thecourecof  amining 
school,  it  is  adifftinct  mistaketn  pve  the  degree  of  mining  engineer  on 
the  eame  basis  as  that  of  the  bachelor's  degree.  Some  engineering 
schools,  recognizing  this  diffictUty,  have  attempted  to  institute  as  a 
mark  of  greater  attainment  the  absurd  degree  of  doctorof  engineering. 

The  highest  degree  given  by  a  mining  school  should  be  that  of 
Mining  Engineer.  This  degree  should  be  put  on  the  same  basis  as  that 
of  Doctor  of  Pliilosophy,  or  of  Seienco.  It  should  bo  L-onfmed  to  those 
who  have  not  only  mastered  the  fundamental  training,  but  have 
shown  by  actual  accompIishmeDt  that  they  possess,  in  addition,  the 
precious  qualities  of  initiative  and  capacity  as  leaders  in  engineering, 
and  also  that  maturity  of  mind  and  character  wluch  one  naturally 
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awocUtcs  nith  the  profession  of  the  cnginvor.  If  thifl  sUwdard  could 
be  maintained,  the  degree  of  Mining  Enj^ineer  from  an  American 
miniug  school,  in  spite  of  its  diisconuection  with  Government  seni'icc, 
would  Koon  stjuid  liigh^r  thuD  that  of  Any  othvr  countiy  in  the  world. 

It  must  be  evident  thut  it  ie  not  possible  to  crowd  a  complete 
tpchnical  education  into  »  four  years'  course,  without  neglecting  the 
broad  hnsol  tnuntnK  ihiit  is  necessiiry  for  ndvanced  work.  But  if 
some  such  plan  as  I  have  outlined  were  adopted  by  the  leading 
American  mining  arhools,  a  great  advance  would  be  made. 

A  large  numlier  of  men  could  then  lake  advantage  of  the  undei^ 
grfldufltc  course  which  would  then,  in  a  new  sense,  and  in  a  much 
higher  form,  take  the  plure  of  the  Bergsckule.  In  this  school  all 
would  receive  the  fundamental  training  iieceKsarj'  for  the  tnining 
engineer,  together  with  some  knowledge  of  the  various  technical 
brarichta.  After  finishing  t  his  course  of  four  years,  and  rceci^Tng  the 
bachelor's  degree,  the  best  thing  for  all  to  do  would  be,  as  a  rule,  to 
plunge  directly  into  the  realities  of  the  mining  life.  All  could  then 
step  at  once  into  the  lower  ranks  of  the  profession.  Most  vould 
undoubtedly  be  contented  to  remain  there,  filling  a  useful  place  in  the 
general  scheme,  now  occupied  by  men  without  either  scientific  or 
technical  training;  thus  raising  the  standard  of  the  entire  industry. 
But  the  chosen  few  who  possess  the  creative  faculty  of  the  engineer 
should  be  encouraged  to  find  their  special  bent  and  field  aa  soon  as 
possible,  and  then  to  throw  their  whole  strength  into  a  real  mastery 
of  thv  chosen  apccialty.  A  man  is  then  in  a  position  to  specialize  ta 
much  as  may  be  necessary  without  becoming  narrow.  Three  years  of 
mature  work  along  these  special  lines,  in  graduate  work,  either  in 
college,  or,  under  proper  conditions,  outside  of  it,  should  lead  to  the 
production  of  a  piece  of  original  work  which  would  justly  entitle  him 
to  the  degree  of  Mining  Engineer. 

Such  a  policy  would  parallel,  without  imitating,  the  methods  that 
have  been  so  successful  in  encouraging  advanced  and  independent 
workers  in  our  universties.  It  would  create  an  American  Berg- 
akademie  that  would  be  superior  to  anything  of  the  kind  m  Europe. 
And  it  would  secure  for  America,  by  a  process  of  natural  selection, 
a  body  of  mining  engineers  worthy  of  their  natural  heritage. 
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PnorKsBoa  /aubs  D.  Haous.  of  New  York  Citjr,  prawBted  ■  p«por  to  Uii* 
Section  OD  "  Mining  Engineering  and  Mining  Law." 
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[Qurlet  Edwaid  Utinroe.  Head  PrDfemor  of  Ch^mistTf,  George  Wuhinftoii 

Univrreily,  mner.  180L'.  b.  Miiy  2'1,  1S19,  Cmnbridin;,  Wn3aaeliiLiptt8.  h.B, 
■mama  ctim  laudt,  Hiirviird.  ISTl;  Poat-gm^luftt*.  Harviifd,  !S"!>-74;  Ph.D. 
Coluin  binu  Uuivcreitv;  Couiumuiliir  uF  tin?  Order  of  Ucdjiiijp  of  Turkey;  Aasbt- 
nzit  ill  ClieniLHtrv.  flarviird.  1871-7-1;  Profuisor  of  ClietiiUtrv,  t'.  S.  Navul 
Academy,  IS" 4-.S'(3;*irf.  U.  8.  Torpf.lo  Station  and  WarCollfeci  ISS()-a2j  Deao 
of  Commui  Scicnti&o  Scbool.  Iif9i^-ti&;  Dean  of  Faculty  of  Oraduatc  Sludiea. 
ibid,  nnoo  1S93;  t^^tpert  .Special  Agent  oi  U.  S.  Ccusufl  in  charge  of  Chemical 
bldutteiei,  1900;  Invwutorof  Smokeleiw  Powder.  Prcsidnit  of  American  Chora- 
IcttlSocioty,  IS08;  President  cfWwftiiiigtouCtwmiCBlSooipty, IK!):);  Vt<v>.pn«- 
Idcnt  of  American  Assodotion  for  Ihi^  Advauocment  of  Scinne<i,  IKlsS;  Mr-mlyr 
ol  London  Chemical  Society;  GeriiianCliemical  Society;  Vipf-Prcaidtnt  of  Wiusli- 
Lll|;tOD  Aradnrnv  of  SctvnocB,  ld02;  Member  of  Aiuericaji  PliiloBD|]liiciil  Society. 
etc.  Autbor  oi  Cottrhietn  oj  Expitmivtt;  Leeturt*  on  Expiotivct;  Ctiemicata  and 
AUitd  Produds.] 

As  the  term  technical  chemistry  is  usually  used,  it  refers  to 
the  commercial  production  of  subetanc^a  through  a  change  in  tho 
chemical  composition  of  the  matter  omployed  in  their  manufac- 
ture. All  manufacturing  operations  are  either  cheioical  or  physical 
ones  or  both  chemical  and  physical.  The  maaufacture  is  a  chem- 
ical one  when  the  substance  or  Bubstancea  acted  upon  undergo  a 
change  in  composition.  The  manufacture  is  a  phyarcal  one  when 
the  substance  acted  upon  undergoes  a  change  in  form,  state,  state 
of  aggregation,  appearance,  or  properties  without  any  change  in  Its 
composition.  Many  manufacturers,  probably  the  majority,  include 
both  chemical  and  physical  processes  in  their  operations.  In  most 
mimufiictures  the  chetuicai  processes  are  the  ba^ic  onea  producing 
the  materia],  which  is  afterward  shaped  and  aasembled  by  phyaical 
means  in  the  form  in  which  it  is  to  be  used. 

The  variety  of  Bubstances  embraced  in  chemical  technology  is  seen 
in  such  a  work  as  Wagner's  Chemical  Technology,  but  no  statistics 
incUcating  its  magnitude  are  to  be  found,  except  In  the  reports  of 


i 


672 


TECHNICAL    CHEMISTRY 


the  UdUpcI  Stntes  Ceosim,  this  being  (he  only  country  vrliieh  tafew 
a  census  of  uinnufui-tuice.  FollowinK  tbc  claesiGcAtion  uf  Wagner, 
I  have  «om[»led  these  statistics  for  the  years  1800  sud  1000: 


SttOutia  of  Chemiail  \fat»i{aelure*  in  A*  UniUd  Stntn,  1800  and  1900. 

YCBT. 

Number 
of  cdtttb- 
liRlimt-nts. 

Number 
tairmn. 

Total  vagct. 

Cost  of 
matotutlB  lued. 

V»lue  of  pny 
dnota. 

1900 
1800 

84,172 

fiS,105 

1,0^,513 

710,486 

»169,»4S,022 
311.369,406 

83,302^11,974 
3,177,443,777 

»4 ,942,715,767 
3.165.768,188 

The  tenn  techaical  cbemlBtry  may,  however,  properly  be  ex- 
tcndiKl  to  include  the  work  dune  by  chomimte  not  engaged  in  manu- 
facturing, but  which  fums  at  a  utilitarian  application  of  th«  results. 
First  in  order  of  dc\'elopineDt  among  these  is  the  doss  of  chemists 
engaged  iii  the  work  of  chemically  inepecting  material  from  all 
sources  to  asccrtaiu  its  suitability  for  its  proposed  uses,  or  its  purity, 
or  its  conformity  with  the  specifications  under  which  it  was  pur- 
chased. All  economically  managed  and  well  conducted  operations 
of  any  nuignitude  to-day  arc  subjected  to  this  check.  In  fact  wo 
may  Bay  that,  since  governments  by  legislation  specify  the  fino- 
aees  08  well  as  the  weights  of  the  gold  and  ^Iver  coins  they  issue, 
itnd  since  the  6ncnpss  of  these  coins  us  well  as  of  the  bullion  in 
the  Treasury  is  constantly  proved  by  analyses,  therefore  every  oom- 
mercial  transaction  throughout  the  civilised  world  is  eventually 
based  upon  the  resuhs  of  chemical  tests.  Tlie  historian  Du  Caoge 
gives  the  credit  for  "inventing"  aaaaying  to  Roger,  Bishop  of  Salis- 
buiy,  during  the  reign  of  Henry  I.  Be  this  as  it  may,  it  is  owing  to 
the  accurate  analyses  of  aasayers  such  as  Tillet,  Stas,  Graham, 
Tonry,  EekJeldt,  Roberts-Austen,  and  their  suceoaaore  that  the 
credit  of  our  metallic  currency  has  been  and  is  maintauiod.  The 
office  of  public  analyst  and  assayer,  or,  tta  it  is  often  styled,  "State 
Assayer,"  is  of  long  standing,  Charles  XI  of  Sweden  having,  in 
1686,'  established  a  technical  laboratory  for  the  chemical  examina- 
tion of  natural  products  and  the  working-out  of  prooeaaee  for  their 
practical  utibzation.  The  Census  of  1900  reports  that  there  were 
8847  persona  practicing  in  the  United  States  in  that  year  as  chem- 
ists, Aseayera,  and  met ullurg^ts,  and  it  is  gratifying  to  observe  that 
this  clasti  of  technical  analytical  chemists  is  rapidly  inereBang  in 
numbers  and  imporl&nce, 

Recotul  in  the  order  of  development  is  the  work  done  in  the  t«ch- 
nical  research  Uhoratoriea,  where  methods  are  tested  and  criticised, 
'  Hiitory  oj  Chemutry,  E.  von  Meyer,  p.  138. 
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pioWBaea  are  developed,  apparatus  and  machinery  invented,  new 
products  discovered,  new  applications  for  kaown  products  found, 
and  where  yields  and  costs  are  aacertained.  Notable  among  theiw 
amr  the  famous  rcsf^arch  laboratories  of  the  Badische  Anilin  uud 
Soda  Fabrik,  the  Welcome  Research  Jjaboratories,  and  many  others 
that  may  be  readily  called  to  mind,  and  bo  fruitful  and  vuluttblo 
ha\'0  thcM  establishments  proven  that  similar  ones  arc  rapidly 
being  eslabltahed  about  manufacturing  works.  Their  success  seems 
also  to  have  euggested  the  formation  of  the  independent  research 
companies,  formed  explicitly  to  combine  research  with  practical 
application,  egpectally  in  electro-chemistry,  one  such  located  in 
this  countn,"  luiving,  among  othera,  developed  processes  for  the 
manufftdure  of  barium  hydroxide,  sj-nthetic  camphor,  and  nitric 
acid  front  atmOBpheric  nitrogen. 

Of  necessity  many  of  the  arts  preceded  the  sciences,  and  this 
vtast  e.<)pecially  the  case  in  chemistry,  as  many  of  the  arts  eiiibriiced 
in  technical  chemistry,  such  as  the  utilization  of  fuel  as  a  source 
of  energy,  the  manufacture  of  alcoholic  bc%XTagcB,  bread,  soap, 
gUes.  and  dycetuffs,  the  isolation  of  metals,  the  expre.s.-tion  of  oils, 
and  the  extraction  of  sugar,  starch,  gums,  glucosidcs,  and  alka- 
loids, among  others,  were  practiced,  in  an  empirical  way,  lung  be- 
fore the  science  of  chemistrj*  took  form.  In  1724,  after  chemistry 
had  emerged  from  alchemy,  Boerhave  defined  chemistry  as  "aa 
art  wjiich  teaches  the  manner  of  performing  certain  physical  opera- 
tions whcncby  bodies  cognizable  to  the  senses  or  capable  of  being 
rendered  eociiiKable  or  contained  in  veBsels  are  fio  chang(*d  by  means 
of  proper  inalrumente  as  to  produce  certain  detcmuiied  effecta,  and 
at  the  same  time  discover  the  caujses  thereof  for  service  m  the  arts." 

The  science  of  chemistry  was  a  growth  from  the  art  and  gradu- 
ally developed.  It  was  a  crude  science  when  the  phlo^ston  theory 
was  propounded,  and  many  of  the  advocates  of  this  theory,  such 
as  Stahl,  Marggraf,  Seheele,  Bergmann,  Priestley,  Cavendish,  and 
Black  contributed  much  valuable  experimental  and  observational 
data  from  their  researches.  But  it  takes  date  as  a  recognised  sci- 
«iee  when  Lavoisier  provided  it  with  a  systematic  notation  and 
nomenclature.  Colton  enunciated  his  atomic  theory,  and  Bcrsc- 
liu8  demonetruted  the  constancy  of  combining  proportions  and  of 
constitution,  and  its  growth  since  the  beginning  of  the  nineteenth 
century  has  been  almost  marvelous. 

The  distinction  bet^'een  pure  and  applied  chemistry  was  uni- 
versally recognised  toward  the  rniddk  of  the  eighteenth  century, 
special  text-books  on  technical  chemistry,  in  which  theory  was 
combined  with  practice,  and  embracing  analytical  processes,  par- 
ticularly ae  they  related  to  ores,  being  issued.  In  fact,  from  the 
outset  technical  chemistry  has  natiyally  dravn  continually  upon 
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pure  chpmistry  for  products,  proccsaeSj  und  apparatus,  modifying 
the  processes  and  apparatus  to  meet  the  conditions  of  fnctory  prac- 
tiee.  So  niptd,  however,  has  this  adoptioti  of  the  applianuea  of  the 
univcmty  laboratory  by  tlie  technicul  chemists  bGcoiim  in  theso 
recent  yeara,  since  univeraty-bred  chenuBts  have  been  received 
iu  continually  increasing  numbers  in  technical  chemistry,  that  it 
has  proved  a  source  of  emban-assiTi^nt  to  tciLcheis  of  chemistry  in 
this  country  and  for  tho  following  reaeon : 

From  the  founding  of  the  United  States  it  tias  been  a  settled 
policy  of  the  Govenimetit  to  fo«ter  education,  ftnd  therefore  the 
first  Congr«sg,  in  legielating  on  the  tariff,  exempted  from  dutiee 
philosophical  apparatus  and  inatnimcnts  imported  for  use  in  edu- 
cation, and  this  legiitlation  was  regnacted  with  enlarged  provisions 
in  cvcr>'  tariff  act  passed  by  Congreas,  except  during  the  Civil  War. 
and  once,  in  1846,  when  it  was  apparently  omitted  by  inadvert- 
ence. Tliis  provision  seemed  to  serve  all  intended  purposes  until 
some  thirty  years  ago,  partly  because  thcr«  were  but  few  active 
laborHtoriCB  fur  the  tcacliing  of  chemistry,  with  a  snudl  number  of 
students,  and  that  the  supplies  were  imported  for  only  a  part 
of  those  laboratories.  However,  «ith  the  inercaae  in  rcseareh 
laboratories  in  universities  and  technical  iichools,  the  introduction 
of  laboratory  courses  for  the  large  olaseee  of  pupils  in  tlie  secondary 
echoolH,  and  eApeoially  the  appointment  of  a  eonsidernhle  number 
of  teachers  of  chemistry  who  had  been  educated  abroad,  the  de- 
maud  for  foreign -rnftd<>  appnratui!  and  EuppUee  became  quite  cod- 
Hiderable,  and  as  the  importations  grew  in  magnitude  and  frequency 
differences  arose  between  the  customa  otlicials  and  tbe  importera 
as  to  whether  the  goods  Imported  were  actually  thoeo  designated 
in  the  act;  the  customs  officials,  as  iras  uatural.  considering 
limr  functions,  nUing  for  that  interpretation  of  the  laws  which 
would  yield  the  Government  the  greatest  revenue.  Controversy, 
which  became  quite  ho&tcd,  arose  particularly  as  to  the  meaning 
of  the  terms  "philosophical  and  Rcientific  apparatus,  instruments, 
and  preparations,"  and  in  1884  the  Secretary  of  the  Treasury,  to 
avoid  any  appoanmce  of  arbitrarily  overruling  his  subordlnaMs, 
which  would  have  been  subversive  of  discipline,  took  counsel  of 
the  National  Academy  of  Sciences;  but  its  opinion  as  rendered, 
while  perfectly  correct,  failed  of  effect,  and  the  controvoraes  got 
into  the  courts  on  issues  between  merchants  and  the  customs  serv- 
ice in  such  form  as  to  lead  to  decisions  which  the  customs  ofiBcials 
regarded  rm  supporting  their  controversies  against  the  schools. 
Such  were  the  conditions  in  1893,  when  the  American  Cbemioal 
Society  appointed  a  Committee  on  Duty-Free  Importations,  which 
made  an  exhaustive  search  into  the  legislation,  an  inquiry  into 
the  litigation,  and  a  study  of  the  entire  situation,  imtil,  finding 
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a  favorable  opportunity  in  an  issue  brought,  before  the  proper  tri- 
bunal, it  convinced  the  judges  that  there  vrcrc  no  inst  rumen  to, 
appar&tua,  or  prep.ariktinns  which  to-day  were  exclusively  u»ed  in 
teaching  or  research;  that,  on  the  contrary,  our  maiiufscturers 
and  practitioners  arc  so  keen  to  utiliso  every  resource  ut  comnmnd 
that  they  are  the  first  uetually  to  test,  and  if  found  profitable,  to 
adopt  any  new  invention  in  apparatus  or  discovery  in  preparation, 
while  teachers  uiiul  UBunlly  awuit  the  voting  of  appropriatione 
or  gifts  from  benefactors  before  they  can  possesa  them,  and  lliat 
as  no  distinction  can  be  drawn  rather  arbitrarily  or  from  the  rule 
of  "principal  use,"  we  must  revert  to  the  "evident  intent"  of  Con- 
graes  to  exempt  cducatimi  from  the  burden  of  the  tariff,  and  in 
each  instance  the  levying  of  duties  or  admission  of  the  goods  free 
must  be  detennined  solely  by  the  fact  as  to  whether  or  not  they 
are  to  be  unod  in  (he  institutions  designated  by  the  act  for  educa- 
tional purposcft  and  reecarch.  It  19  pleasant  to  record  that  the  board 
of  appraisers,  after  thoroughly  reviewing  the  history,  adopted  this 
view,  and  that  duriuK  the  present  year  AssLitant  Secretary  Arm- 
strong, in  chat^  of  the  customs  ser\-ice,  has  promulgated  it  in  a 

vvery  Mti.ifiwtoiy  form  for  the  instruction  of  his  subordinates. 

V  Ttiia  is  but  one  Jnatunce  of  u  multitude  which  may  be  cited  show- 
ing bow  technical  chemistry  "treads  on  the  heela"  of  pure  chero* 
irtry.  It  depends  esppcially  on  the  votaries  of  the  latter  ffir  accu- 
rate detcmiinatiima  tif  chccnioal  conntants.  Prof.  1'".  \V.  Clarke 
has  emphasised  the  importaiiRe  of  this  in  the  case  of  atomic  weights, 
talcing  the  case  of  chromium*  as  an  example.  He  sAys:  "The  older 
and  less  accurate  determinations  for  chromium  led  lo  the  figure 
62,6.  The  more  recent  and  more  accurate  have  given  62.1  as  the 
number.  The  European  technical  analysts,  who  analyze  chro- 
mium ores  for  the  sellers,  use  the  first-mentioned  number;  the 
chemists  for  the  consumers  in  this  country  use  the  latter  nvimber, 
with  the  result  that  the  difference  in  value  ou  a  cargo  of  ore  weigh- 
ing 3500  tons  is  $367.50." 

The  tccluiicul  chcnust  hus  been  keen  to  appreciate  the  necessity 
for  authoritative  standards  by  which  his  work  might  be  controlled 
and  to  which  matters  in  controversy  might  be  referred.  He  has 
especially  welcomed  and  willingly  assisted  in  the  formation  of 
standard  bureaus.  In  fact,  the  movement  for  the  creation  of  a 
National  Bureau  of  Standards  in  the  I'nitcd  States  originated  in 
the  Association  of  Official  Agricultural  Chemist»  through  Mr.  Ewell, 
and  though  when,  on  the  motion  of  this  gentleman,  the  pltin  w»g 
afterwards  indorsed  by  the  American  Chemjca!  Society,  it  received 
the  complcle  approvnl  of  the  pure  chemists,  Dr.  William  McMurlrie 
and  Dr.  Charles  B.  Dudley,  who  stand  in  the  front  rank  as  tech- 
'  Jtnimal  of  Amtrttxin  Chemiatt  Socidty,  vol.  xix,  p.  350,  1897. 
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uical  chemists,  were  most  active  in  its  promotion  and  suceeasAil 
in  conviuciug  our  iintioonl  lc^el»tor»  of  the  ccodobUc  Advantages 
which  would  resiUt  from  the  establiahment  of  suoh  an  inetitutiou 
invested  by  law  with  the  proper  authority. 

Tocliiu«al  chemistry  is  indebted  to  pure  chemistry  for  much 
preeiw  information  regarding  the  properties  of  subetanccs,  cape* 
cially  as  to  their  behuvior  toward  reagenls,  and  for  acriirule  and 
carefully  investigated  otialyticul  methuds  like  those  with  which 
the  honored  name  of  Wolcott  Gibbe  is  associated.  But  tJic  tech- 
nical chemist  revises  these  methnds  and  adaptji  them  to  lits  spe- 
cial needs,  aa  shown  in  the  standard  work  of  Blair  on  the  Cfwmi^xil 
Analyaii  oj  Iron,  and  in  others  that  might  be  cited,  while  he  verifies 
the  publjiihed  data  as  to  the  pa-rticuliir  Hubstancee  with  which  he 
has  to  deal.  Kealiaing  that  "time  is  money,"  he  has  devised,  with 
the  aid  of  the  collected  information,  rapid  muthoda  of  analysis ' 
which  enable  one  to  arrive  at  an  approximately  true  and  in  some 
instances  a  very  precise  result  in  a  few  moments,  when  the  aca- 
demic methotbi  rcfiuire  hours  and  perhaps  days  to  arrive  al  the  same 
conclusion.  It  is  true  that  methods  of  this  nature,  devised  to  meet 
technical  needs,  have  been  gcQeralized  and  made  more  available 
in  the  university  laboratory.  As  an  ciuly  example  of  this  we  have 
volumotrio  nn-iiysis.  devjgcd  by  Desorui^iUe  and  Vatiuelin,  invetfli- 
gatcd  and  gi^iicralizcd  by  Gay  Lussac,  and  as  a  recent  exumpie  we 
have  the  use  of  a  rotating  electrode  in  electrolysis,  long  employed 
in  the  art^,  critically  studied  and  gonertilizod  by  Smith,  by  Gooch, 
and  by  their  pupila.  Yet  the  systematic  treatment  of  Che  occu- 
mulated  material,  the  working-out  of  a  comprehensive  scheme  of 
qualitative  Rnal>-si8,  and  the  collating,  the  sifting,  and  the  arrange- 
ment  of  correlated  methods  for  quanlitalive  determinaliona  in  a 
connected  manner  are  due  to  C.  Uemigiua  Frceenius,  who  for  so 
lotiK  conducted  a  technical  analytical  liiboratory  at  Wiesbaden, 
and  his  publications  are  claaaics. 

But  technical  choiniHtry  Uas  CEpucially  looked  to  the  pure  ehemist , 
vrith  teisurp  for  thoiiglit  and  work  and  with  libraries  and  other 
facilities  at  command,  to  correlate  and  (Hscuss  data,  to  trace  rela- 
tions, suggest  hypothesitt,  invent  theories,  and  discover  Uwi<  which 
the  technical  chemist  has  been  ready  to  test  and,  when  proved,  to 
be  glided  by.  To-day  we  find  the  techniral  chemists  camretly 
studying  Arrhenius's  thoiiry  of  electrolytic  dtssnciation,  Willard 
Gihbs's  phase-rule,  van  't  Hoff's  law  governing  osmotic  pressure, 
Guldbcrg  and  Waal's  law  of  nuiss-nction,  and  the  muuy  other 
valuable  genera) ins tions  which  have  resulted  from  the  s^-stematic 

'  Tlii^  number  of  dcterminnUoiui  mailp  ui  onr  wrek  in  IIm-  Inbambwy  of  the 
Brtlik-Iieni  Iron  Compimv  nmountcU  to  244-1 ;  nccurntir  aiuiljttre  of  cadxin  l>Mii|t 
tn(fl>>  In  V2  miiivlvt,  of  liinrigtinMt-  in  11)  iiiinutM,  luid  of  phueplionu  and  ajlicao 
in  30  toinutes.  Engiiueratf  it  Mining  Journal,  Lx,  375,  Ie9£. 
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cultivation  of  the  borileriH.nd  between  the  seieocei  of  physics  and 
chemistry  that  haa  been  guing  on  with  iDcrcacing  ftctivtly  during 
tlic  pu8t  quiLftor  of  u  century.  It  is  safe  to  say  tliut  the  nonet  uf 
text-books  of  p}iysi(?Kl  chemistry  now  being  edited  by  Sir  William 
Ramsay,  and  of  which  the  Phase  Rule  and  Us  Applicaiiort,  by 
Alex.  Kiiidlny,  is  tlio  piuucor,  will  tind  their  wny  largely  luto  thv 
libraries  of  the  technical  cheniists.  Many  exanipIeK  may  be  cited 
of  the  utilization  of  these  generalizations  in  the  solution  of  pro- 
blems in  technical  chemistry,  but  Chruty's'  adioirublt;  i-cstcarches 
into  the  rationale  of  the  cyanide  processes  for  the  recover}'  of  gold 
from  its  ores  will  sufTice.  The  eiperience  of  the  past  has  repeatedly 
demonstrated  the  commercini  ponttibiliticsi  that  arc  Intuiit  in  sci«i- 
tific  theoriee.  A  famous  example  is  found  in  the  conunercial  da- 
vdopment  of  benaene.  Lachman,  in  1898,  after  referring  to  its 
discovery  by  Faraday  iu  1825,  and  its  production  from  benzoic 
acid  by  Mitscherlich  nine  years  later,  says:  *  "These  famous  chem- 
ists little  thought  that  their  limpid  oil  would  once  Uy  chiim  to  be 
the  niost  important  subttt&nce  in  organic  chtiiui^try;  that  it  would 
give  birth  to  untold  thousanda  of  compounds;  that  it  would  re- 
volutionize science  and  technology.  The  technical  development 
of  benzene  and  its  derivatives  employs  over  fifteen  thousand  work- 
men in  Germany  alomo;  the  commercial  value  of  the  products 
reaches  tens  of  millions  of  doltars;  by  far  the  greater  portion  of 
the  research  work  done  (o-day  is  concerned  with  the  same  group 
of  substances.  Nearly  all  of  this  tremendoua  activity  is  ilue  to  a 
single  idoa.  advanced  in  a  masterly  treatise  by  August  Kekulc  in 
the  year  1865.  Twenty-five  years  sufficed  for  the  chemists  of  all 
nations  to  recognize  the  ine«timable  importance  of  the  benzene 
theory,  for  in  1800  Ihey  came  together  at  Berlin  to  do  honor  to  the 
man  who  had  createti  a  new  epoch  in  the  science."  There  is  abund- 
ant verification  of  Hoffmann's  statement  that  "the  technologist 
is  not  likely  to  leave  long  without  utilization  any  fact  of  science 
which  may  be  developed  and  made  valuable  from  the  tecliniea! 
aide,"  and  of  Oetwald's  saying  "that  the  soieoce  of  to-day  is  the 
practice  of  to-morrow." 

In  his  most  attractive  book,  Phyrimt  Chemi^ry  in  the  Servict 
of  the  Sciences,  van 't  Hoff  Bays;  "There  exieta  in  Germany  a 
very  benefici:i]  cooperation  between  laboratory  work  and  tech- 
nical work.  Both  go  at*  far  as  possible  band  in  hand.  After  phys- 
ical chemistry  hud  made  several  important  advances  and  was 
firmly  established  in  such  a  way  that  pure  chomlstr)*  was  assisted 
by  cooperation  with  it,  Ostwatd  judged  correctly  that  this  coopcra- 

)  Tntuaeiums,  Am.  Iml.  Mining  Eng.,  vol.  xxvi,  p.  735. 1807,  and  vol.  xxx, 
p.  B64.1W1I. 

'  Spirit  of  Organic  CfcwiMfty,  p.  21. 
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tiuD  would  aJso  be  valuable  in  i«chnioaI  directious,"  and  these 
views  led  to  the  founding  of  what  is  now  the  Germao  Buiiacn  So- 
ciety for  Applied  Physical  Chemistry,  whoae  considerable  tnem- 
berslup  comprises  both  meu  of  pure  ecieiiL'e  and  representatives 
of  tecbuicat  science.  Tlie  suggestions  of  applicatiotui  from  men  such 
as  Ostwald,  van  't  Hofi,  Bancroft,  and  otliers,  accompanied  as 
they  are  by  striking  demonstrations,  are  always  moet  welcome 
and  appreciated.  But  it  ts  no  new  custom  for  the  moat  eminent 
exponents  of  pure  science  for  a  while  to  stop  into  the  field  of  appli- 
eation.  We  have  but  to  cito  the  names  of  Baoyer,  Berzolius.  Bnnsea. 
Davy,  I>cbu£,  Ihiniati,  Furuday,  Fischer,  Fraokland,  Hoffauuu, 
Liebig,  Mabery,  Remsen  (to  whom  the  medal  of  the  Society  of 
Chemical  Industry  has  just  been  awarded).  WUlianason,  and  Wurtz 
as  examples.  Or,  taking  a  single  tuchnical  eubjoct*  such  as  the 
exploeives  induairy,  we  have  Lavoiaier  perfecting  the  manufac- 
tiire  of  gimpowdcr;  Gay  Lussao  sening  on  the  advisory  committee 
of  powders  and  ualtpetcr;  Bcrtliollot  invooting  chlorate  powders; 
Liebig  investigating  the  fulminates  and  devising  means  by  which 
the  commercial  manufacture  and  use  of  mercuric  fulminate  was 
made  positiblc;  Sohoeobeiii  discovering  gun-colton  and  introduc- 
ing it  for  use  as  a  propellent;  Bunsen,  with  Schiscbkofl,  making 
reeearchee  on  the  compositton  of  powder  gases  and  powder  residues; 
Berthelol,  led  by  a  patriotic  de«ire  to  serve  his  country  in  time  of 
peril,  exhaustively  experimenting  with  exploitiveii  of  every  de- 
scription, collecting  and  correlating  the  data  of  his  own  expori- 
menle  with  that  previously  recorded  and  combining  this  with  the 
dtecriptions  of  the  attendant  phenomena  and  the  theories  he  had 
deduced  from  analyses  of  all  this  matorial  in  his  Force  of  ExpUh- 
sive  Substances,  and  Mendelfeefl  and  Dewar  developing  theemokdcSB 
powders  adopted  by  the  countries  of  which  they  respectively  are 
citizens. 

Wliile  technical  chemiatr>*  is  under  manifold  obligations  to  pure 
chemistry,  the  indebtedness  does  not  stand  unrequited.  I  vould 
amplify  this  branch  of  my  subject  but  that  it  has  been  so  admir- 
ably done  by  Dr.  William  McMurtrie  in  his  address  on  "The  Rela- 
tions of  the  Industries  to  the  Advancement  of  Chemical  ^ieace,"  ' 
in  which  it  ia  shown  that  many  discoveries  which  have  mHterially 
affected  pure  chemistry  have  been  made  in  the  factoriee.  It  is 
a  well-known  fact  and  quite  in  the  nature  of  things  that  the  pure 
chemist  is  dependent  upon  the  technical  chemist  for  moRt  of  the 
material  u»ed  in  his  researches,  ttad  the  publications  contain  fre- 
quent at^knowledgments  of  this  fact. 

Technical  chemistry  in  common  with  pure  chemistry  is  under 

'  rVocrrdinf7j,  Aniericaa  AMOciationforthc  Advanetmcntor  Scleow,  veil,  xtnr 
pp.  65-85, 1S90. 
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lasting  obli^atious  to  physics.    It  makei  itse  of  tlie  phj-sical  pro- 
perliee  of  mutter  for  purpoeee  of  identiiicatioa  and  separation.    It 
eri)plo)r-»  lior  iiiHtruments,  such  as  the  »pcctroecop«,  the  polumcope, 
(he  Diicroscope,  tlie  photometer,  and  a  multitude  of  others,  to  ana^ 
lytical  operations.    It  utilixee  the  varioiia  manifestations  of  energy 
in  accoriiftnce  with  the  physical  laws  which  govern  tli«m,  adopting 
the  methods  of  transformation,  conveyaDce,  and  application  which 
the  phyuiciet  has  shown  to  be  most  efficient,  convenient,  and  safe,. 
Uiough  adapting  them  to  the  particular  c)rciiniAtHnve«  u-hieli  obtain. 
It  relics  upon  tho  physicist  for  the  verification  of  it«  et&ndurd^  of 
incntturalion,  and,  lus  previously  stated,  it  employs  phyMral,  to- 
gether with   chemical,   proceeaes   in   ita   treatment   of   material   in 
muiufftctur*.    A  modem  imtance  of  this   relation  of  technical 
chemistry  to   physics  is  found  in   tlie   electro-chemiral    industry. 
Starting  with   the  remarkable  experiments  of  &r  Humphry  Davy 
in  1807,  which  resulted  in  the  isolation  oi  sodium  and  potassium, 
the  commercial  ntUitation  awaited  the  discovery  of  an  adequately 
cheap  source  of  available  electrical  energ>',  which  was  realised  on 
the   invention  of  the   dynamo   in    1867.     When   its   prHcticability 
was  demonstrated,  and  especially  after  it  hud  been  shown  that  a 
bead  of  water  could  be  employed  att  tho  primary  source  of  this 
energy,    the   electro-chemical    industry    b^an    and    achieved  such 
proportions  that  in  the  year  1900,  in  the  United  States  alone,  phos- 
phorous, sodium,  and  other  metals,  not  including  aluminium,  were 
isolated,   and  caustic    suda,  bleaching   powder,  and   other   bleach- 
ing agents,  bromine  and  potosBium  bromide,  potassium  chlorate, 
litharge,    graphite,    ciilcium   carbide,    carbonmdum,    and    carbon 
disulphide,  amounting   in  value  to  $2,045,S35,  were  manufuctured 
by  eleetro-ehemica!  methods.     Many  other  products  have  been  ob- 
tained by  this  meanN  in  the  laboratory  and  have  been  expected  in 
the  industry;  but  while  the  industry  is  a  growing  one  it  is  not  grow- 
ing as  rapidly  in  the  variety  of  its  products  as  somo  have  been  led 
to  anticipate.     Much  depends  upon  the  extent  to  which  low-cost 
sources  of  energy  are  to  be  commanded,  and  on  this  point  the  fol- 
lowing from  J.  W.  Itichards's  presidential  address  to  the  American 
Electrochemical  Society  in  1903  is  pertinent.   He  says: 

"Niagara  Falls  is  the  most  accessible  of  our  great  water-powers, 
and  has  therefore  drawn  into  its  fold  the  majority  of  our  electro- 
chemical industries.  But  another  source  of  surplus  power  is  dis- 
tributed over  a  large  part  of  our  country  in  a  condition  at.  present 
aa  undeveloped  ns  wiut  Niagara's  power  when  Columbus  touched 
our  shores.  I  refer  to  tho  surplus  power  from  blflst-ftirnaces,  ob- 
tainable by  ii-sing  gnji-engines.  Every  blast-furnace  burns  its  g»s«o 
to  heat  its  blast  and  to  raise  steam  for  its  power.  The  two  thirds 
of  its  gases  used  for  the  latter  purpose  generate  just  about  the  power 
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needed  for  the  Mowing-cngiiies,  pumjis,  hoists,  etc.,  an  Amount 
e<|lisl  on  an  averii(;c  to  2500  boTse-power  for  a  furnace  making  SOU 
tons  of  iron  p«r  day.  If  the  goa  thus  iiaed  vras  used  in  ga«-«ngiilM 
there  would  be  an  avcrajie  surj>)uii  pnwer.  over  and  above  all  roquiro- 
ments  of  the  furnace  itself,  of  10,CXK)  horse-power.  The  gaa-eogine 
plant  needed  to  produce  this  power  does  not  cost  over  toO  per 
horse-power  inveHtmcnt.  TbiJi  compares  favorftbly  with  the  cost 
of  developing  water-powers,  which  variea  from  $25  to  $iOO  per 
horse-power.  It  is  thus  deducible  that  there  are  scattered  ovor  Ibe 
United  Stales,  in  some  of  our  most  flourishing  indiutriAl  centres, 
undevfJoped  powers  which  aggregate  over  1,000,000  horse-power, 
which  can  he  developed  at  no  more  coat  than  the  average  water-power 
can  be  generated  just  al  the  spots  where  they  can  be  most  favorably 
utiliiced,  and  withuut  any  more  drain  on  our  naturtil  resources 
than  the  harnessing  of  a  new  water-power,  for  not  a  pound  of  coal 
more  would  have  to  be  burnt  than  is  used  at  present. 

"Other  possible  source?  of  power  arc  the  waste  surplms  gases 
from  by-product  coking-ox'eoa  and  the  utiUxatiou  of  gas-producers, 
using  cheap,  almost  waste,  coal  in  connection  with  gas-engines. 
Power  therefore  is  available  in  immense  quantities  in  places  and 
in  countries  not  blessed  with  Niagaras  in  their  midst,  and  the  in- 
dustrial development  of  such  sourceit  will  be  one  of  the  nwst  marked 
industrial  movements  of  the  next  ten  years." 

While  reco^iztng  these  many  obligation);  to  physics,  aa  a  quid  pro 
quo,  technical  chemistry  supplier  hex  devotees  with  all  the  "manu* 
factured"  materials  which  are  the  subject  of  their  experiments  and 
obi^crvationH,  or  used  in  the  construction  of  their  instrumouts.  or 
as  sources  of  energy  —  such  as  coal  -gas,  acetylene,  alcohol ,  and  others, 
and  the  substances  used  for  primaarj'  and  secondary  batteries.  Many 
phymcnl  topics  have  originated  with  or  been  cxtende4  by  the  tech- 
nical chemist. 

The  technical  chemist  looks  to  the  forester,  the  farmer,  and  the 
miner  for  his  raw  materials,  but  he  returns  to  the  former  adkalottls. 
wood  aleohol,  acetic  acid  and  acetates,  acetone,  formaldehyde, 
paints,  rubber  articles,  and  a  multitude  of  other  products  of  manu- 
facture; be  returns  to  the  farmer  starch,  sugar,  artiGcial  manures 
with  which  to  reinvigorate  his  soil,  fibers  bleached  or  dyed,  the  suint 
from  his  sheep,  the  pcpain,  pancreatin,  and  aDtitexines  from  his 
swine  and  cattle,  and  through  the  agricultural  chemist  specific 
directions  as  to  methods  for  the  treatment  of  his  soil  and  his  rrope. 
Sioce  Liehig  began  the  investigations  which  resulted,  in  1840,  in  his 
book  on  Chemistry  in  its  Application  to  Agrimllicre  and  Physiology, 
no  one  science  has  probably  benefited  more  from  the  labors  of  the 
technical  chemist  than  agricultural  science;  for  well-e<|uippcd  re- 
search laboratories  with  well-organized  forces  of  chenustA  have  been 
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:g(1  by  legislntion  to  thia  purpose  to  a  greater  extent  than  t^o 
Sny  other,  and  tlie  publications  from  Dr.  Wiley 'a  laboratory  alone 
indicate  how  valuable  thU  has  proven  to  be.  As  one  among  many 
■iexaniples,  we  may  rite  the  migar  industry,  which  owes  its  existence 
to-<ifty  in  this  country,  whether  ihe  source  be  sugar-fraoe  or  beet,  or 
xtnrch  from  maize  or  putato,  to  the  technical  chemist. 

The  technical  chemist  returns  to  the  miner  the  metals  isolated 
ft-om  his  ores  in  the  form  of  tools  and  machinery,  or  coins,  or  con- 
verted into  compound  nubstancM  available  a«  mtKliciiic:;,  as  disin- 
fectants, as  detergents,  and  for  a  variety  of  purposes,  and  he 
supplies  him  with  hin  explosives  through  which  his  labor  is  reDdered 
much  kee  arduous  aud  bis  life  more  hccutc. 

The  t«chnical  chemist  looks  to  the  civil  engineer  to  provide  the 
meanii  for  thetritnNfiorlatinn  of  hisraw  miUerial  anr!  his  manufarture«! 
products,  and  to  the  mechanical  engineer  for  his  constructions  and  his 
machinery,  but  he  supplier  them  with  all  the  munufuctured  materials 
uHed  in  their  work,  and  Kiiar&ntees  by  anulyRlK  the  (]uality  and  ehar- 
acter  of  the  natural  as  well  as  the  artificial  materials  required.  So 
rapid  has  this  method  of  vhcmical  supervision  come  into  vogue  in  the 
last  half-century  that  the  engineer,  whether  he  is  to  build  an  hotel,  a 
ship,  a  locomotive,  a  gun,  or  a  bridge,  to  lay  a  concrete  fnimdation, 
or  CO  surface  a  road,  now  introduces  into  his  Mpcciftcationa  the  chem- 
iea!  refiuirements  which  the  mateTial  must  satisfy  in  order  lo  be 
accepted  for  use,  and  he  depends  upon  explosives  lo  enable  him  to 
drive  his  tunnels,  »ink  his  lihaftti,  and  remove  obstructions  from  his 
course.  It  has  excited  no  particular  remark  that  a  chemicnl  labora- 
tory has  been  establi.'^hed  as  a  part  of  the  preparations  essential  to  the 
building  of  a  tunnel  under  the  Hudson  River. 

To  the  metallurgist  technical  cbeniiatry  has  been  invaluable,  as  it 
has  improved  the  quality,  decreased  the  cost,  and  increased  the  speed 
of  production  of  his  materials.  The  story  is  an  interesting  one  as  we 
follow  it  either  among  the  precious  or  the  common  mctuU.  As  set 
forth  l)y  Bridge  in  the  Inaide  History  of  the  Carnegie  Sted  Company, 
where  we  t.race  the  growth  from  the  Kioman  forge  of  1853,  worth 
eomplctc,  $4300,  to  the  Carnegie  Company  of  1S99,  valued  at  about 
$500,000,000,  the  story  is  &  faeeinating  one  in  majiy  ways,  but  in  none 
more  than  in  such  rivalries  a?  that  between  the  blast-furnaces  sturtod 
by  tJie  I-uoy  and  Isabella  furnaces  and  entered  into  by  the  Edgar 
Tbompson.  the  Carrie,  and  the  Youngstown  furnaces,  by  which  the 
output  of  pig-iron  was  increased  from  50  tons  in  each  24  hours  to  901 
tons  in  the  same  period,  while  the  coke  consumption  per  ton  of  iron 
was  reduced  by  50  per  cent.  No  one  with  sporting  blood  in  his  veins 
but  feels  a  thrill  as  he  follows  these  records  at  the  Vjlast^furnare,  the 
Beesoroer  converter,  the  open-hearth,  and  the  rolling-milt,  and  espe- 
cially as  he  realizes  the  treuieudous  issues  involved  and  the  enormous 
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aniouula  of  money  at  HtaJce,  and  everywhere  he  finds  U  is  only  by  th^ 
«lo&c  and  conatant  supervision  of  the  cbcmiat  lliuL  these  resiUtu  cuulJ 
have  been  uttained  niiUc  tiie  quality  of  tbe  product  woe  tuseured. 
Ttie  autbnrity  of  the  chemist  in  thcfie  enterprif^ei^  has  t>een  extending 
fiver  a  contiaually  widening  territory  and  bt-comiiig  more  positively 
rerogiiixcd;  so  that,  taking  ikgoiu  the  blaKL-furriti«e  as  an  example, 
whef4>  at  first  be  was  iR-ca^ionally  employed  to  analyze  the  ore  used 
or  the  pig-iron  produced,  he  now  analyus  all  of  the  fuel,  flux,  and  ore 
that  goM  In  at  the  tliroat,  and  tlio  gases,  (»lag,  and  metal  that  arc  pro* 
duced  ill  tbe  furiioce.  One  liiu  but  to  exunloa  casually  a  modaa 
Lechnical  work  sucli  as  Harbord's  MettUiurgy  of  Steel  to  be  coEvinced 
of  the  absolute  dependence  of  the  modem  atecl- maker  upon  the  t«ch- 
nicul  chemist.  Mr.  Carnegie  admits  that  he  owes  his  success  in  sleel- 
inaking  to  having  been  among  the  first  to  employ  chemlste  through- 
out his  establishments;  and  we  find  that  tbe  other  industrial  oom- 
binfltions.  stich  as  the  Standard  OU  Company,  Amalgamated  Copper, 
and  the  like,  which  conuider  no  detail  of  business  too  smull  to  be 
ignored,  employ  chemists  at  all  points,  auditing  their  op^ationa, 
accounting  for  their  mnterials  at  nil  Bteges,  stopping  wastes,  dimjn- 
isliing  coeis,  improviog  the  quality  and  increaning  the  speod  of 
manufacture. 

Technical  chemistry,  then,  invwtw  the  domains  of  Monomics,  of 
politics,  and  of  diplomacy.  A  striking  example  of  its  etlecta  to  eco- 
nomics and  politics  is  found  in  the  settlement  of  the  silver  question. 
Cold  is  a  mxjet  widely  diffused  metal.  It  has,  for  instance,  been 
shown  by  assayera  at  the  U.  8.  Mint  at  Fbiladelpbia  that  if  tbe  gold 
in  the  clay  of  the  bricks  of  which  the  buildings  of  the  Quaker  (Sty 
are  built  could  be  brought  to  the  Etirfaco,  the  fronts  would  all  be 
gilded.  In  the  past  our  processes  for  the  isolation  of  this  metal  have 
been  so  costly  that  ooly  the  richer  ores  would  bear  treatment.  Lar^ 
bodies  of  low-grade  ores  which  have  been  digeovered  and  mountains 
of  tailings  carrj-ing  values  were  looked  upon  as  worthlees,  wh  tie  enor- 
mous quantities  of  copper,  lead,  and  other  metals  containing  gold 
were  sent  into  the  market  to  be  devoted  to  common  uses,  because  the 
cost  nf  separation  was  greater  than  the  value  of  the  separated  pro- 
ducts. Eight  years  ago,  when  the  "silver  question"  vas  made  tbe 
national  iisue,  while  the  orators  wore  declaiming  from  the  stump,  tbe 
chemists  were  quietly  working  at  the  problem  in  their  laboratories 
and  factories.  Manh^'a  process  for  beasemeriztng  copper  ores  was 
combined  with  the  electrolytie  refining  of  the  product,  so  that  even 
traces  of  gold  were  economicaJly  recovered,  while  the  cyanide  pn>- 
cessee,  such  as  the  Mac  Arthur-Forrest,  the  Siemeos-Halske,  tbe 
Prifttan-Clerici,  and  others  for  the  extraction  and  recovery  of  gold 
from  low-grade  ores  and  tailings,  were  successfully  worked  out  and 
put  into  practical  operation  to  such  effect  that  by  the  cyanide  pro- 
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ocasos  alone  gold  to  the  value  of  $7,017,120  wag  recovered  in  the 
United  States  in  1^)2,  which  is  more  than  waa  ever  won  thmughout 
the  whole  world  by  all  methods  in  any  one  year  up  tn  lti(]l,  and 
probobly  up  to  1701.  The  data  for  other  processes  is  not  at  hand  for 
1902,  hut  the  returns  for  1900  Khow  lliat  gold  to  tlie  value  of  lys.ifti-i,- 
218  was  recovered  in  the  treatment  of  lead  and  copper  ores  in  the 
United  States,  of  which  $56^6,971  worth  was  recovered  in  rcfitung. 
It  has  but  recently  beeu  publicly  pnn-Iaimed  in  this  ciity  of  St.  Louis 
that  the  "silver  question"  is  settled,  and  it  is  settled,  but  it  waa 
settled  largely  through  the  efforts  of  the  technical  chemist  and  tnctal- 
lurgiat. 

Technical  chemistry  renders  important  aer\-icee  to  medicine  in  fur- 
nishing it  with  an  enormous  variety  of  remedial  agents,  anesthetics, 
and  other  supplies.  It  is  an  important  factor  in  the  public-health 
tervicv,  supplying  difiinfectunts  and  deodorisers,  inspecting  food- 
BUpplies,  supervisinf!  water-supplies,  devising  methods  for  the  puri- 
fication of  sewage,  the  treatment  of  wflate&,  and  the  prevention  of  the 
pollution  of  the  ntmocsphero-  Wc  have  but  to  mention  the  iiuraea  of 
Pasteur  and  Pettenkorfer,  of  Letheby  and  Wanklyn,  and  of  Drown, 
CThandler,  and  Mrs.  Richards  tfl  emphasJKe  the  importance  of  the 
chemical  factor. 

Chemistry  is  an  equally  important  factor  in  public  safety.  A 
jj^anoe  at  vou  Schwartz's  Fire  and  Explonion  Ruilui  will  show  how 
varied  and  exlem^ive  but  a  single  one  nf  these  fietdfi  of  activity  is. 
Ev«y  one  of  you  as  you  came  here  by  boat  or  rail  owed  a  large  mea- 
sure of  your  safe  conveyance  to  the  technical  chemist.  The  regular 
utilization  of  these  valuable  services  in  this  interest  is  of  (juite  recent 
date.  It  was  in  1875  that  some  of  the  officials  of  the  Pennsylvania 
Railroad  Company,  fmdiiig  that  the  oil  usscd  iu  their  aignal-lamps  aud 
headlij;h tunas  unreliable,  and  that  all  empirical  methods  of  e»amin- 
Btion  failed,  determined  to  employ  a  chemist.  I>r.  Charles  B.  Ihidlcy 
wsfi  called,  a  laboratoiy  waa  opened  at  Altoona,  and  in  the  face  of  the 
skcptirieni  of  the  "pnictical"  man,  the  work  bcpin  and  was  carried 
to  so  succefisfut  an  issue  that  a  multitude  of  problems  relating  to 
railroad  administration  have  been  referred  to  the  chemist,  his  force 
of  skilled  aasistants  has  been  steadily  increased,  and  the  position  of 
the  chemist  in  the  organization  is  second  to  none  in  importance. 
Other  railroad  cnmpanies,  recogiiiirng  the  gain  in  economy  and 
efficiency,  have  also  instituted  chemical  laboratories,  until  in  thirty 
years  it  has  become  common  practice.  AVhile  the  Pennsylvania 
Railroad  Company  was  wrestling  with  the  question  of  testing  oil,  the 
U.  S.  Light-House  Board  waa  having  trouble  from  the  some  cause, 
the  lamps  in  the  light-houses  and  beacons  along  our  coast,  harbors, 
and  navigable  waters  having  become  quite  unreliable  from  the  char- 
acter of  the  oil  furnished,  and  it,  too,  aoughi  the  aid  of  the  cbomiBt* 
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with  Eiifli  ivoiilt  t)iBt  it  has  ever  since  mlieil  upon  chemieal  scleoe* 
to  deline  and  pronounce  upon  the  quality  of  its  supplies- 
It  has  been  mid  Umi  the  state  of  cSvilixation  of  anj  eountry  may 
be  delermiiicd  bj*  the  amount  of  soup  wbich  it  consumee.  Lord 
Beaconsjield  considered  that  the  ronditioD  of  the  chemicsl  trades 
constituted  the  hcsl  indu«tri»l  barometer.  lo  Wia  pamphlet  on  Tha 
Americati  /nuanon.  or  England's  Commercial  pt-ril,  when  diseuseing 
'■  the  beet  index  of  a  nation's  prosperity,"  H.  H.  Thwoitesaj-B:  "  Hod 
he  [Beaconsfield]  selected  the  iron  and  steel  trades,  he  would  have 
made  a  far  better  choice."  1  have  given  these  citations  from  the 
luaiiy  at  commund  an  illiiatratinK  the  tribute  paid  by  the  thoughtful 
to  technical  chemistry.  Technical  chemifitry  promotes  civiliestion, 
profoundly  modifies  national  policies,  and  inHucnccs  diplomatic 
proct^Uiugs.  The  most  frequent  cause  of  friction  botwtcu  nations 
to-day  ia  found  in  the  endeavor  of  each  of  the  world-powera  to  control 
territory  for  the  exploitation  of  their  products  or  u  sources  of  their 
raw  materials. 

Technical  chemistry,  es  practiced  in  the  past  from  the  davrn  of 
manufacture,  in  a  moM  important  Rubject  for  ronwdfmtion  by  the 
antliropologist ,  wliicli  lias  unfortunately  been  luo  much  neglected. 
Its  study  will  briiiK  rich  yields  to  the  nnthroputojiiDt  vho  eomcs  to  tt 
with  the  proper  preparation,  for  he  will  find  in  the  arlc  embraced  in 
terliniral  chemistrj'  the  best  gauge  of  the  extent  of  civilization  of  a 
I^-ople.  Ui^lonBiis  agree  that  no  ohe  material  thing  has  more  pro- 
foundly influenced  civilization  than  gunpowder  has.  Over  fifty  years 
ago,  under  circumstances  somewhat  similar  to  those  which  oblJiin 
here,  a  body  of  scholars  under  the  leadership  of  Dr.  Whewell,  Maater 
of  Trinity  College,  reviewed  the  results  of  the  famous  exhibition 
which  had  just  been  held  in  Ixindon.  I  desire  to  call  the  attention 
of  the  anthropologists  to  the  address  there  fpven  by  Sir  Lyon  Play- 
fair  on  the  Ckemital  Principles  Involved  in  the  Afanufactiirea  of  the 
Exhibition. 

In  the  autumn  of  1S74  I  was  so  fortunate  as  to  be  the  guest,  at  his 
r»«iidence  in  the  Smithsonian  Institution,  of  Joseph  Henry,  its  first 
secretary  and  executive  officer  from  1^40,  and  I  had  the  precious 
privilege  of  hearing  from  his  lipe  a  moat  detailed  account  of  the 
development  of  the  InBtitution  from  the  time  when  he  was  aiKif;aed 
the  duty  of  deviling  and  carrying  out  the  plans  by  wliich  ^mithson's 
wishes  shoidd  be  realited  and  the  provisions  of  the  legislative  set 
creating  the  Institution  complied  with,  and  part  icularly  of  the  various 
obstacles  which  he  had  encountered  and  sumiounted  in  his  endeavor 
to  use  the  fund  for  "  the  inere^uic  and  diffusion  of  knowledge  among 
men"  in  the  fipirit  tn  which  Smithson,  as  Henry  understood  it, 
intended  it  should  be  used.  Naturally  my  intere«t  in  this  famous 
Insiitution  woe  greatly  quickened,  a:id  I  have  watched  sooiewhal 
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more  keenly  the  subsequent  career  of  this  Inetitiition.  and  of  the  or- 
Kitmztttions  such  as  the  Library  of  Cotif^fe^,  the  I".  S.  Dcpartiiitfiit  nf 
Agriculture,  the  Nationul  Museiini,  and  others  created  or  foatered  l)y 
it.  From  the  outset,  however,  I  haveretnarkedupontheabeencefrom 
iho  Mitscum  of  &ny  collection  relating  to  torhnic&l  cliemistry,  which 
is  so  profoutiUly  connected  with  the  hii^tory  and  development  of 
civilization,  and  whirh  haa  undergone  itself,  in  ite  development,  co 
many  changes  that  iti<  tools  &nd  appliances  and  methods  disappear 
completely  from  view  unless  preserved  in  «ome  flueh  historical  collec- 
tion as  those  made  by  the  museums.  I  have  endeavored,  by  sugges- 
tion to  have  this  uversight  remedied,  but  have  Iwen  met  by  the  reply 
that  the  present  building  is  overcrowded  and  its  resoupccs  overtaxed 
bythemiuisof  mutcriul  collected  in  branches  at  prctteut  cultivated.  As 
now  the  Museum  is  starting  on  a  new  career  of  usefulness  and  a  new 
atructiire  of  greatly  inrrcnsed  capacity  is  being  built,  this  seems  nn 
opportune  time  to  seek  publicly  this  recognition  for  induotrial  chem- 
istry, at  I*a«t  in  the  anthropological  collections,  and  particuliiriy 
when,  as  now,  to  a  greater  degree  than  at.  any  other  period,  such 
ntpid  changes  oie  going  on  in  long  established  and  important  indus- 
tries, 8Tich  as  the  sulphuric  acid  and  the  alkali  industries,  that  the 
processes  of  the  last  cefttur>'  may  become  among  the  lost  arts  of  the 
next  century. 

Within  the  present  year  the  remains  of  Smithson  have  been  re- 
moved from  the  soil  of  Italy,  in  which  they  so  long  rested,  and  been 
reverently  and  fittingly  interred  within  the  confines  of  the  noble  and 
beneficent  institution  (hat  he  founded.  Tlie  revival  of  personal  lDt^> 
est  iu  Smithson  which  this  removal  has  aroused  has  led  to  the  sug- 
gestion that  a  monument  be  erected  to  his  memory.  The  E^mithsonian 
Institution  in  itself  an  enduring  monument;  but  If  another  be  created 
eould  it  not,  considering  that  Smithson  was  a  oheinist,  fittingly  take 
the  form  of  a  chemical  collection  in  the  Museum  which  so  long  ben^ 
6ted  by  his  bequest. 
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BY    WILLIAM  H-m/TZ   WALKKR 

[VUUftm  HuJIZ  Walker,  ?rorcmorof  Indniitriiil  C'lifinutby.  KtnwarhiM-tts  In-t^ 
tut*  of  TMhtiolofv.  t>.  FittoliurK,  FWruylvKub,  IKW.  B.S.  Pi-JuuvlvMila 
StaU  CoUego^  IJjBJT;  A.M.  Ph.D.  GAitingnn.  1802.  Pniit-erodiuU>  of  tmwr- 
Bity  of  GAlUnSRii,  IS82;  Instructor  fif  Chi^mkirv  *t  PftnnBvlvani*  Stat* 
CaUpp^,  1803;  lUcf.  MuMAohuaetta  Iiivtitutc  of  Ti-cluiulo^,  I8M;  PKftsMir 
«f  IiiduJiU'tttI  ChHiilB|.nr,  ibid,  aiiicv  1800.  Hcmbtrr  of  Amnncaa  Anodation  for 
thr  AdvnnooBK^t  of  Science;  Sodoty  of  Chi>inioni  In<liv<try;  Anuiricitn  Ch»4i)- 
ical  i^odcty;  Socict}' of  AttB  and  Scioooe;  AnKTictui  m<-ctrvcli<'iniciit  .SociHy; 
Itiinw'ii  GcwUsohuft  fttr  Angcvuidte  PliyBicaliBchc  Clictiui-.  Aulhor  of  uuiui-i^ 
oiia  aciitillfjc  |)D|)i-ni.] 

Trciinical  i^IieniJEtry  may  be  rcgiirded  as  the  performance o{ 
u  cliemival  reaction  or  series  of  reactions  on  a  scale  Bufiiciently 
large  and  by  a  method  sufficiently  ecoDomical  to  enable  the  pro- 
duct to  bv  fiold  at  u  proiit.  The  prublcnu  which  confrunt  the  in- 
veetigators  in  thi£  field  of  endeavor  may,  tberefora,  be  divided 
into  two  claeeee,  according  as  they  pertain  to  the  chenucal  reac- 
tion involved  or  to  tlie  prtwess  to  be  cmployod  in  carrying  on  this 
reaetion.  The  first  division  iii  pure  chemistry,  even  tiiough  the 
results  of  tlic  solution  be  ntilitarinn;  tlie  second  is  chemical  en^pn- 
ecricg.  Although  in  ihe  Pnigramme  of  this  Congress,  U>e  utilitarian 
Bide  of  clicmistry  is  widely  eoparatcd  from  the  subject  of  general 
ohemietry,  there  ia  in  reality  no  dividing-line  between  the  two.  It 
■would  be  difficult  to  find  an  inveatigator  in  the  field  of  pure  sci- 
ence who  docs  not  hope,  end  indeed  believe,  tbat  the  resulis  of  his 
labor  will  at  some  time  prove  of  vulue  lu  humanity;  may  ulti- 
mately be  utilitarian.  On  the  other  hand,  few,  if  any,  chemical  man- 
ufacturers would  admit  that  in  solving  their  chemical  problems 
they  do  not  utilize  the  most  scieniifio  methods  at  their  command. 
The  research  assistant  is  in  the  laiit  analysis  ulilitariaii;  while  the 
succegsful  chemical  enf^ineer  is  preeminently  scientific. 

f^bably  in  no  country  have  the  problems  confronting  the 
chemical  industries  been  so  Buccceafully  mcl  as  in  Germany;  y«l 
Germany  does  not  e.scd  in  chemical  engineers.  Engineering  enter- 
prises, mechaiiicul,  civil,  and  electriciil,  ax  well  us  chemical,  are  car- 
ried on  as  successfully  in  England  and  America  as  they  are  in  Ger- 
many, and  still  the  latter  leads  the  world  in  her  chemical  manufsc- 
lureis.  The  explanation  for  this  lies  in  the  fact  that  Germany  pays 
the  greatest  attention  to  the  first  class  of  problems,  as  above  di\-ided, 
and  reeognijtc'i  that  pure  chcmistiy  is  inseparably  connorted  with 
her  indiifitries;  that  the  application  of  new  facts  and  principln 
follow  rapiitly  when  once  these  facts  and  prinoiplea  are  known. 
Most  of  her  problems  in  technical  chemistry  are  first  considered  as 


PRESENT    PROBLEMS 


687 


problems  id  pure  chemistry  hikI  studied  in  srcordunce  with  recog- 
nized methods  of  modem  research  by  men  fully  trained  in  pure 
ecicnce.  If  these  tiiuii  urc  also  cltcmicu]  engineers  the  ultiiiiato  >ohi> 
tion  of  the  problem  is  pruportionately  hastened;  but  Uiey  are  6xvt 
of  all  men  trained  in  the  apirit  and  methods  of  scientific  research. 
In  geiioral,  aii  investigation  mny  hv  prompted  by  cither  or  both 
of  two  incentive*;  either  by  the  pleasure  to  be  derived  from  achieva- 
ment  nnd  the  love  i^f  scientific  study  for  itself,  or  by  the  ho[>e  that 
from  the  invetitigatton  Mime  immediately  useful  result  may  be 
obtained.  Yet  between  tlie  product  of  the  first  motive  —  pure 
chemistry  —  and  the  ultimate  rmvlt  of  the  second  —  technical 
chemistry"  —  a  difference  does  not  necessarily  exist.  The  fact  that 
a  piece  of  work  is  undertaken  atid  carried  on  with  tlic  predeter- 
mined purpose  of  applying  the  results  to  a  practical  or  comuier- 
ciol  end  docs  not  in  itself  render  it  any  the  less  a  study  in  pure 
ehemistiy.  The  method  of  thou^it  and  action  employed  will  be 
that  of  the  investigator  in  pure  science,  whatever  the  ultimate 
object  may  be.  To  make  the  result  of  the  work  an  ochievemont  in 
tocbnicaJ  chemistry  an  important  contribution  must  then  be  made 
by  the  chemical  engineer,  in  order  that  the  conditions  forming  the 
definitions  of  the  term  "technical  chcniiatry"  as  already  stated 
may  be  fulfilled.  In  trying  to  point  out  some  of  the  important  prob- 
lems in  techiucal  chemistry,  no  attempt  will  be  made  to  distinguisli 
between  the  part  which  must  first  be  played  by  pure  cliemldtry 
in  their  solution,  and  that  which  wilt  still  remain  to  be  done  by 
the  chemical  engineer  to  make  this  contribution  utilitarian. 

There  is  always  a  tendency  to  measure  the  importance  of  a  sub- 
ject by  the  e-xtont  of  one's  knowledge  of  it  and  the  depth  of  the 
interest  one  has  in  it.  In  order,  therefore,  that  we  may  obtain  & 
proper  persjtective,  we  must  consider  a  problem  important  in  pro- 
portion us  it  affects  the  greatest  number  of  people;  of  momeat  ac- 
cording as  the  results  of  its  stJution  will  be  far-reaching  in  th^ 
effects,  or  he  but  of  local  benefit. 

From  this  point  of  view  the  first  Industry  to  demand  attention  is 
the  mamifncture  of  fertilizere.  In  the  last  ten  years  the  product  of 
this  industry  in  the  United  States  alone  has  increased  from  1 ,9iH),0(Hl 
Uaa  to  2,000,000  tons,  an  increase  of  over  fifty  per  cent.  This 
Increase  is  probably  more  marked  in  America  than  in  the  older 
couDtriefi  of  Europf;.  because  the  necessity  of  replenishing  the  virgin 
soil  was  there  reached  long  ago,  while  with  ua  It  is  only  begun.  The 
mngnltude  of  the  industries  which  arc  dcjicndent  directly  or  in- 
directly upon  agricultural  products  is  so  well  recognized  that  it 
needs  no  di»cii.ssion  bcre.  That  the  supply  of  crude  material  from 
which  plant-ltfe  derives  ile  nourishment  should  be  maintained  is 
therefore  a  source  of  responsibility  for  the  present,  as  well  as  for 
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future  Eenerntions.  Of  tliis,  a^  of  every  K^at  Industry  It  mftj  be 
said  that  ttie  supply  of  zayi  material  for  to-morrow  is  a  prohlem 
for  to-duy. 

Dr.  H.  W.  Wiley,  of  th«  United  States  Department  of  Agricul- 
ture, haa  poiated  out  the  surprisingly  large  amount  of  pottuh,  ptios- 
phoric  a«id,  and  nitrogen  which  is  yearly  taken  up  by  the  agri- 
cultural crops  alone.  Tlie  average  percentage  of  ash  in  all  of  the 
ioiportunt  crops  has  been  accurately  detennined  und  tltcir  per- 
centage cotnpfisition  in  roepent  to  potash  and  phosphoric  acid  is 
known.  In  addition  to  this  we  have  a  satisfactory  knowledge  of 
the  percentage  of  albnnuDotis  matter  contikined  tu  the  more  im- 
portant agricultural  products.  I^om  these  fijpurea  and  the  reports 
of  the  United  Stales  Department  of  Agriculture  we  can  calculate 
the  uniount  of  pottuh,  phosphoric  &«id,  and  nitrogen  consumed 
each  year.  Allowing  a  value  of  4  cents  a  pound  for  potash,  5  cents 
for  phosphoric  acid,  and  12  cents  for  nitrogen,  the  total  value  of 
these  ingredients  for  a  ^ngle  year  amounts  to  the  enormous  sum 
of  J3.20O,O00,O0O.  To  be  sure  this  is  not  all  removed  from  the  farm 
and  Inst  to  the  soil;  but  that  which  remains  in  the  form  of  straw 
and  manure  is  but  a  small  percentage  of  the  whole.  Straw  is  goncr- 
ully  buriiod,  while  the  soluble  salts  of  the  manure-hvaps  are  oft«a 
allowed  to  leach  out  and  ro  to  waste.  Wlien  in  addition  we  con- 
sider the  terrible  waste  involved  in  the  modern  methods  of  sewage 
disposals  where;,  instead  of  l>elng  returned  to  the  soil,  these  valu- 
able constituents  are  carried  to  the  oceua,  the  net  loss  of  these 
chemicals  can  be  easily  appreciated. 

Of  these  three  most  important  ingredients  making  up  a  fertil- 
izer for  general  purposes,  phosphoric  acid  alone  seems  to  be  at  hand 
id  pra^tiirally  inexhaiifitible  quantities.  Slag,  rich  in  phcisphnric 
acid  from  certain  metallurgical  processes,  is  already  much  used  as 
a  source  of  the  matorial.  Kresh  deposits  of  phosphate  rook  of  such 
enormous  extent  arc  being  brought  to  light  almost  every  day  that 
our  supply  of  this  material  may  give  ub  little  immediate  concern. 

Although  the  Strnssfurt  region  of  Germany  may  continue  to 
ship  undiminished  quantitie.s  of  potash  salts,  the  second  import- 
ant ingredient  of  a  fertilizer,  the  world's  supply  cannot  be  said 
to  he  on  a  perfectly  Batisfactory  baais  until  independent  sources 
arc  developed.  In  the  year  1902  the  value  of  the  potash  ealts 
imported  into  the  United  States  amounted  to  $4,500,000.  The 
recovery  of  potash  from  wood  ashes,  white  once  an  important  in- 
dnatry,  must  diminish  as  the  value  of  hard  wood  increases.  VVliile 
there  are  doubtlei<s  natural  beds  of  pota^ium  salt  still  to  be  dis- 
covered, the  time  seems  rapidly  approaching  when  we  should  render 
more  readily  available  the  great  amount  of  potsfsium  distributed 
throughout  the  mineral  kingdom.      lUiodio  had  alrendy  aeeom- 
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plishcd  much  toward  this  end  nhcn  he  showed  thnt  feldspar  could 
\je  made  to  yield  tlic  grcoicr  part  of  Ha  potasti  when  it  waa  hcBted 
with  lime  and  conunnn  aslt.  Claxk  haa  found  that  when  the  min- 
ora! Icucito,  vith  iM  21  per  cent  pot&ssiiitn  oxide  is  heated  with 
anunoniutn  chloride,  the  potassium  is  runverled  into  chloride  and 
is  easily  separated  from  the  melt.  If  this  reaction  could  be  ex- 
tendwl  to  orthorlase  and  the  ammonift  recovered  by  treatment  with 
lime,  the  cnoroious  quantity  of  potash  contained  la  this  mineral 
would  be  at  our  Be^^■ic«. 

It  is,  however,  to  the  supply  of  available  nitrogen  that  the  great- 
est importance  attaches.  The  sodium  nitrate  producing:  rountries 
of  South  America  exported  laat  year  1,300,000  tomi,  u  lurxc  per- 
centage of  which  came  to  America,  Egypt  and  the  Southwestern 
United  States  have  nitrate  depositB,  but  of  their  extent  and  value 
little  is  as  yet  known.  Of  the  otlier  form  of  available  nitrogen, 
ammonia,  our  main  supply  is  at  preeent  from  the  destructive  dis- 
tillation of  ronl.  Although  the  introduction  of  by-product  coke- 
ovens  ha:t  increased  this  aupply,  our  domeatlc  production  is  now 
not  over  40,000  tons  a  year. 

In  the  atmosfjherc,  however,  we  have  a  never-failing  ."joiirce  of 
nitrogen  which  needs  only  to  be  converted  into  other  forms  lo  be 
of  the  pxjateet  value.  It  is  interesting  to  note  that  even  as  long 
fl^  OS  1S-10  thift  sftmc  problem  was  the  subject  of  conjiiderahle 
experimentation  and  the  basis  of  several  technical  processes.  In 
this  year  there  was  erected  in  France  a  plant  for  the  manufacture 
of  pntasflium  fRrro-<yanid«,  which  depended  on  the  atrnfisphere  for 
the  supply  of  niti-ogcQ,  and  which  at  one  time  turned  out  almo.st 
a  toa  of  product  per  day.  From  thia  time  until  tlio  present,  the 
utilization  of  (his  inexpensive  and  inexhaustible  supply  of  raw 
materia]  has  heen  an  attractive  field,  and  lias  held  the  attention 
of  many  invc«tigatora.  It  Imd  hag  lieen  known  tliut  while  carbon 
and  nitrogen  alone  could  not  be  mode  to  unite,  the  union  was  effected 
when  these  elements  were  brousiht  together  in  the  presenee  of  a 
strong  alkali.  The  icchnical  difficultiea  in  the  way  of  successfully 
applying  thie  reaction  seem  to  have  been  the  rapid  destruction  of 
the  ret{>Tt.s  and  the  loss  of  alkali  through  volatilinntion.  With  tho 
advent  of  cheap  electricity  and  the  consequent  development  of  the 
rieetric  furniice,  this  idea  was  made  the  basis  of  further  worlc.  The 
destruction  of  the  retorts  was  largely  overcome  by  generating  the 
heat  within  the  apparatus  rather  than  without.  When  a  non-vola- 
tile alkali  v.tis  used  to  climiniite  the  lose  from  this  source  and  a 
higher  temperature  maintained,  it  was  found  that  a  carbide  was 
formed  as  an  intermediate  product  and  that  nitrogen  readily  re- 
acted with  the  carbon  thus  held  in  combination. 

Among  the  invent igatora  who  have  thus  far  taken  advanta^ 
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of  thi£  reaction  may  lie  meutioued  tbe  Ampere  Chemical  Company 
located  at  Niagara  t-'ulls,  and  the  group  of  men  repreeented  by  the 
Siemens- Hfltslte  Company  of  Berlin.  Tho  former  finti  produces  • 
carbide  of  barium  and  then  converts  it  into  barium-cyanide  by  paa»- 
ing  over  it  air  from  which  the  oxygen  haa  either  been  rcrao\'ed  or 
eonverted  into  carbon  monoxide.  Robert  Bunsen  long  ago  showed 
that  by  uaing  steam  the  nilrogen  in  all  alkaline  cyaiiitlc  may  be 
converted  into  ammonia.  In  thi^  case  barium  oxide  would  bt;  left 
to  be  returned  to  tbe  furnace,  and  to  oontioue  the  cycle.  When 
advnntflfic  is  taken  of  the  process  discovered  by  Professor  Oatwtld, 
by  which  ammonia  its  vunvcrtcd  into  nitric  aoid  through  the  ine> 
dium  of  a  catalyzing  or  contact  agent,  the  production  of  nitrates 
by  way  of  tho  cyanide  reaction  is  easily  foreseen. 

The  Sicioens-Halske  Company  prepared,  in  addition  to  cyanide 
and  ammonia,  by  use  of  the  caxbide-nitrogen  reaction,  a  new  com- 
pound in  technical  chemistry,  calcium  eyanamide.  In  contr»din- 
linctioQ  to  the  cyanides  the  nitrogen  of  tliis  compound  is  available 
for  plant-food  and  can  take  the  place  of  the  more  common  nitrt^n 
salts  in  commercial  fcrtitixers.  The  technical  difficulties  in  the 
way  of  the  economic  application  of  theee  processes  are  doubtless 
very  great,  but  when  ono  considers  tho  advance  which  has  been 
made  in  the  last  five  years  he  haa  ample  reasons  to  believe  that  it 
will  not  be  a  great  while  before  the  synthetic  preparation  of  the 
cyanides,  ammonia,  and  nitric  acid  from  atmospheric  nitrogen 
will  be  on  a  commercial  h&sis. 

Tho  old  reaction  by  which  nitrogen  and  oxygen  vcre  made  t4> 
unite  throu^i  the  agency  of  a  high  potential  electric  discharge  has 
b«en  made  the  basis  of  a  process  for  tho  mamifactureof  nitric  Acid 
by  the  Atmospheric  Product*  Company,  operating  ut  Niagara  Falb. 
For  agricultural  purposes  it  is  proposed  to  absorb  tbe  nitric  acid 
thiiB  formed  in  milk  of  lime,  and  so  produce  an  cxreptionally  cheap 
product.  There  still  remaina  much  to  be  done  before  tlUa  can  be 
called  a  technical  process. 

A  very  much  leas  technical,  but,  so  far  as  our  knowledge  at  pre- 
sent goea,  a  more  iMumising  method  of  fixing  'atmospheric  nitrogen 
in  the  form  of  lutrates  is  through  the  agency  of  bacteria.  WHlIc  it 
ia  true  that  one  group  of  bacteria  has  the  power  of  breaking  down 
nitrates  with  the  production  of  nitrogen  gas,  there  are  other  groups 
which  are  equally  able  to  absorb  elementary  nitrogen  with  the 
production  of  nitrates.  A  great  deal  of  excellent  work  ha«  recently 
been  done  by  the  United  States  Department  of  Agriculture  with 
the  result  that  cultures  for  the  artificial  inoculation  of  the  soil  may 
now  be  obtained  in  considerable  quantity.  It  has  been  found  that 
these  bacteria  when  grown  upon  nitrogen  free  media,  nuiy  be 
dried  without  losing  their  high  activity.   When  inunersed  in  water 
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they  are  easSiy  revived.  A  dry  culture  similar  to  a  yeast-cake,  and 
of  aWitt  the  same  size,  cnn  thus  be  sent  out  and  used  to  prepare 
a  Huid  in  wliich  tiie  originiiJ  nitrogen-fixing  bacteria  may  be  mulli- 
plied  sufficiently  to  inoculate  a  number  of  acres  of  land.  The  amount 
of  rnateriBl  thus  obt^ned  is  limited  only  by  the  quantity  of  the 
nutrient  water-solution  used  in  increasing  the  germs,  Fidrl  cxperi- 
inente  ha\-e  shown  the  wonderful  nrtivity  of  these  bacteria  in  fix- 
ing atmospheric  nitrogen  and  the  splendid  crops  which  may  be 
grown  upon  what  would  otherwise  be  ftlmoat  .sterile  soil. 

In  this  one  problem  of  our  future  supply  of  available  nitrogen 
for  agriculture  as  well  as  general  manufacturing  purposes,  we  note 
the  aid  whiuh  technical  chemi.stry  draws  from  the  other  depart- 
mente  of  natural  ecience.  The  electrical  engineer  and  biologist 
have  already  oontributcd  a  great  sliare  in  its  Holutiori.  Tlierc  re- 
mains, however,  no  small  amount  of  work  for  the  technical  chemist 
to  perform  before  the  desired  end  is  reached. 

In  an  arldress  on  "Chemical  Problems  of  To-day,"  delivered  by 
Victor  Meyer  iu  188fl,  tlie  author  pointed  out  that,  although  the 
synthesis  of  stareh  from  carbon  dioxide  and  water  was  n  result  not 
to  be  expected  in  the  near  future,  yet,  he  says,  "we  may  reason- 
ably hope  that  chemistry  will  teaeh  ua  to  make  the  fiber  of  wood 
tlie  source  of  human  food."  ftTiile  we  do  not  consider  that  this  is 
a  problem  of  technical  chemistry*  for  the  present,  the  possible  use 
of  cellulose  as  a  raw  material  from  which  to  make  food,  renders 
more  acute  o  problem  which  is  to-day  clamoring  for  solution,  namely. 
the  preservation  of  our  forests.  The  influence  which  the  forests  of 
a  country  have  upon  its  civilization  is  a  topic  which  has  been  much 
discussed  of  late.  That  there  is  an  intimate  relation  between  the 
woodland  of  a  district  and  the  regularity  of  its  rainfall,  the  absence 
of  floods  and  freshets,  and  Uie  general  climatic  conditions,  there 
Beemsnow  to  be  little  doubt.  But  the  consumption  of  foreet  products 
eoutiiiues  to  increaee  far  out  of  proportion  to  the  growth  of  now 
timber.  The  substitution  of  other  raw  material  in  chemical  industries 
which  now  use  wood  for  th  is  piu^iose  becomes,  therefore,  an  economic 
problem  for  the  solution  of  which  the  chemist  is  held  responsible. 

The  production  of  cellulose  from  raw  materials  other  than  wood 
is  the  (iTEt  important  factor  in  the  chemical  aide  of  the  question. 
The  weight  of  wood  consumed  for  the  production  of  chemical  fiber 
for  the  year  1902  was  something  over  two  milUon  tons,  while  one  and 
a  half  million  Ions  were  used  for  the  manufacture  of  ground  wood- 
pulp,  While  from  some  points  of  view  our  American  forests  are 
suiBcient  to  supply  the  demand  for  many  years  to  come,  it  does  not 
excuse  ua  for  the  terrible  waste  of  cellulose  in  forms  other  than 
wood,  which  we  are  constantly  suffering, 

On  our  fiax-ficlds  of  the  West  we  are  annually  burning  thousands 
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of  tons  of  fl&x-straw  which  contains  a  }asgc  percentage  of  cdliilose 
in  a  most  valuable  form.  Condidcrable  work  has  already  been  done 
on  the  utilii&tion  of  tliie  straw  in  th«  production  of  fiber,  and  sotiMi 
success  has  met  tlio  efforts  of  the  Bj-Prodiiets  Pnper  Compauy,  now 
located  at  Niagara  Falla.  Tijere  is.  however,  still  much  room  for 
improvements.  In  the  straw  of  our  wheat  and  oat  crops,  which  is 
to-day  largely  destroyed  on  the  fields,  we  h»vc  another  source  of 
cellnloee  of  which  we  avail  ourselves  but  tiltle.  In  Europe  the  pro- 
duetion  of  straw  fiber  ia  earried  on  to  nome  extent,  but  is  capable 
of  great  extension  should  sufficient  economy  in  Lhe  process  for  treat- 
ing it  be  introduced.  The  high  content  of  silica  has  ever  been  a 
Bouree  of  lose,  owing  to  the  fact  that  the  form&tion  of  sodium  sili- 
cate prevents  the  recover)'  of  the  soda  now  used  in  (he  digestion 
of  the  straw. 

By  far  the  grcAteet  loss  of  valuable  cellulose,  however,  is  found 
in  waste  cornHtnlks  and  in  bagasse  or  the  8UgatH:iineaft«' the  solu- 
ble portions  have  been  removed.  There  is  a  close  analogj*  between 
these  two  products,  in  that  there  is  associated  with  the  woody  por- 
tion carr>'in;i;  the  cellulose  a  lar^e  amount  of  non-usable  pith.  Rapid 
progress  has  been  made  >n  the  tttilixation  of  both  of  these  raw  mate- 
rtals  witliin  the  last  few  years,  and  the  indicfttions  are  that  before 
long  they  will  prove  a  source  of  value  rather  than  a  nuisance,  as 
is  frequently  the  case  at  present..  The  market  price  of  bleached  cellu- 
lose fiber  is  to-day  from  2J  to  3i  cents  per  pound.  Starch  may  be 
bought  for  from  2^  to  4  cents,  according  to  its  source.  '  It  is  seen, 
therefore,  that  there  is  little  manvifocturiag  margin  in  the  eoover- 
sioii  of  cellulose  to  starch  or  sugar  until  tlie  cost  of  the  former  has 
been  considerably  reduced.  This  can  come  about  only  through 
new  processes  dceigued  to  operate  more  economically  than  those  at 
present  in  use,  and  to  use  as  raw  products  the  cellulose  at  present 
wasted  on  the  fields. 

It  would  seem  that  »  more  economical  step  toward  tlic  production 
of  food  from  wood  might  be  through  its  ligneous  or  non-cellulose 
constitueiit.-!.  For  every  ton  of  cellulose  produced  there  must  be 
used  two  tons  of  wood;  that  is,  aa  equal  weight  is  wasted.  lo  the 
soda  process,  as  now  conducted,  these  non-cellulose  materials  am 
burned  to  recover  the  soda  which  is  held  in  comhinatinn  with  them. 
In  theeulphiteprocees  this  enormous  amount  of  material,  aggregating 
for  America  atone  in  n  single  year  almost  one  million  tons,  finds  itn 
way  into  the  water-courses  and  ultimately  to  the  ocean.  Tiiis  organic 
matter  is  most  complex  in  its  composition,  but  consists  largely  of  one 
class  of  substances  closely  allied  to  the  sugars,  and  another  class 
having  the  general  characteristics  of  tannins. .  Tliat  these  sugar-like 
eubstaacee  could  be  made  to  yield  a  food  material  is,  from  thetr  nature, 
quite  possible;  so  far  as  we  know,  however,  but  little  has  been  accoii>- 
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pliehed  in  this  direction.  A  Dumber  of  uses  have  from  time  to  time 
been  prnpused  for  this  waste,  but  aa  yot  none  have  boen  of  practicnl 
value.  Among  the  more  promising  may  be  meuttoiied  a  preparation 
to  be  used  in  tamiiag  leather,  a  fiitiing  muterial  for  paper,  and  a  sub- 
stitute for  dextrine  in  calico  printing,  and  as  an  adheeive. 

In  addition  to  our  annual  supply  of  4,000,000  tons  of  paper  slock, 
ve  depend  upon  the  forests  for  our  supply  of  acetic  acid,  methyl 
alcohol,  and  acetone.  In  countries  where  there  is  not  the  exorbitant 
tAx  upon  fermented  maali  that  exbts  in  the  United  States,  there 
would  seem  to  be  aa  opening  for  a  proceea  for  the  production  of  acetic 
acid  from  alcohol  in  a  more  concentrated  form  than  can  be  produced 
through  the  aid  of  myeoderma  aceti.  It  would,  it  is  true,  in  the  end 
depend  upon  the  supply  of  fermentative  material;  but  there  arc 
beinjT  wastt^d  every  yeur  in  the  acmi-tropicul  cotintrieti  many  thou- 
aand  tons  of  erude  molasees  that  could  thus  serve  an  economic  end. 
For  many  usee  acetic  acid  may  be  displaced  by  formic  acid,  a  com- 
pound which  admits  of  synthesis  from  carbon  and  wntcr.  The  farther 
this  substitution  is  carried  the  more  acetic  acid  will  be  avnilabie  for 
the  manufacture  of  acetone  and  other  compounds  where  the  acetyl 
group  b  a  ncce-fwity. 

Concurrent  with  the  diBappearing  forests  is  the  increoaiDg  scarcity 
of  ve^ijible  tanning  material.  Hemlock  and  oak  bark,  sumac  and 
chestnut  wood  are  still  the  moat  important  anurces  of  Muinin», 
although  qiiohracho  from  South  America  and  camiigre  from  .Mexico 
and  Texna  arc  daily  pSiiying  a  more  important  part.  The  introduction 
of  chrome  tannage  for  upper  leathers  had  a  marked  influence  upon 
this  induBtry.  inasmuch  as  it  furnished  a  cheap  substitute  for  those 
finer  tanning  injiterials  which  arc  constantly  incrcaaiiig  in  price.  A 
mineral  tannage  for  heavy  hidea,  along  the  hnea  so  eucceasfully  fol- 
lowed for  upper  Ieather,has,  however,  not  been  developed;  the  pro- 
duct lacks  the  rigidity  and  firmness  combined  with  Ihe  flexibility 
which  is  cbaructcristic  of  oak  or  hemlock  tunned  leather.  There  must 
exist  methods  for  supplying  to  the  hide  materials  ha^'in|i;  an  action 
analogous  to  these  vegetable  tannins;  it  remains  but  to  seek  them 
out  in  order  tli«t  a  new  and  profitable  industry  may  be  eKtabllshed. 

It  is  thus  seen  that  technical  chemistry  can  do  much  for  the  con- 
servation of  our  foresta;  along  many  lines  the  time  for  action  has 
already  rome. 

When  the  consumption  of  a  given  article  is  in  excess  of  its  supply, 
the  market  price  must  risp.  In  accordance  with  this  law  we  have  seen 
the  price  of  cnide  India  rubber  more  tl>an  double  in  the  lost  few  yeuTt). 
The  conFumer  of  the  finished  article  must  pay  this  advance  or  accept 
an  inferior  grade  of  goods.   Generally  he  docs  both. 

The  tropica]  forests  of  Africa  and  South  America  still  contain 
untold  quantitie*  of  India  rubber;  but  so  docti  sea-water  contain  gold. 
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P'or  manufActuring  purposes  both  might  d£  veil  not  exist.  The 
only  human  bcingit  that  can  live  uiii^«r  Lho  condilioos  obtiiining  in 
theee  tropical  junglea  are  the  Qativ«a;  but  the  distance  to  which  the 
natives  can  transport  the  rubber  is  comparatively  limited.  Although 
rubber-bearing  trees  are  now  being  cultivated  in  the  more  easily 
inhabitable  portion  of  the  tropics,  it  will  be  a  loug  time  before  this 
source  of  supply  is  an  imporlAnt  factor  in  the  market.  And  thus  it 
comes  that  the  synthesis  of  India  rubber  presents  to-day  from  at 
loast  the  technical  side,  one  of  the  most  promisiRg  problems  ia 
chemistry. 

The  inveetigation  of  India  rubber  ia  greatly  handicapped  by  the 
fact  that  it  exists  only  in  the  colloidal  stat«.  The  diflieultioa  are 
perhaps  more  largely  physical  than  chemical;  that  is.  it  ia  the  molfr- 
cular  aggregation  rather  than  tho  atomic  structure  of  the  individual 
ninloc'Vile  whinh  presents  such  almnat  inHurmotintable  dlfBculties. 
There  are  no  clearly  defined  melting-points,  boiIing*poitita,  tenden-^ 
cies  to  cr>-&tslli2c  or  any  of  those  means  of  separating  mixtures 
characterizing  individuals  which  aid  in  the  investigation  of  most 
organie  compounds.  The  researches  of  Weber  and  Harries,  resulting 
in  tho  cjttiiblishmcnt  of  the  inuch-'i^ed*''  nicthods  of  analyaes.  have 
been  of  incalculable  advantage  to  all  those  working  with  either  the 
raw  or  the  mflniifactured  article.  In  many  directions  also,  the  paths 
along  which  important  results  are  to  be  obtained  have  already  bt-eo 
blazed  by  these  investigators.  Probably  no  other  field  prc«>ents  such 
difFirultipi^  of  manipulation,  in  addition  tn  such  profound  problems 
of  organic  chemistry,  as  does  the  investigation  of  India  rubber;  butj 
on  the  other  hand,  few  MUch  unlimit'od  opportunities  for  valuable  worlcJ 
are  offered  in  the  field  of  chemical  research. 

Under  the  general  head  of  utilization  of  trade-wastee  may  be  con- 
sidered a  large  number  of  technical  probloms,  the  solution  of  which 
would  not  only  add  wonderfully  to  the  economic  resources  of  the 
country,  but  would  aid  in  the  solution  of  that  much  vexed  question, 
river-pollution.  We  have  already  mentioned  the  sorla  and  sulphite 
liquor  reeuUing  from  the  manufacture  of  cellulose  fiber  from  wood. 
Of  almost  equal  importance  is  the  waste  yeast  which  is  daily  pro- 
duced in  the  brewing  of  beer  and  ale.  An  extract  of  this  yeast  has 
a  food  value,  as  shown  by  analysis,  equal  to  the  best  meat  extracts. 
As  the  quantity  of  yeast  allowed  to  go  to  wusto  is  from  ono  to  iwo' 
pounds  for  every  barrel  of  beer  brewed,  we  can  form  estimates  of  the 
great  amount  of  this  material  at  hand.  Arsenic  sulphide  from 
the  purification  of  crude  acids,  grease  from  the  wuahingof  wool,  the 
utilization  of  city  garbage  and  many  other  problems  of  this  order  are) 
ever>*where  in  evidence.  It  is  not  within  the  eompaas  of  this  discus*  ( 
sion  to  mention  those  almost  innumerable  sources  of  matiufncturing 
waste  which  exist  in  the  chemical  industry;   but  keen  competition 
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on  the  one  liftDd,  niid  the  Stat«  Boards  of  n<.*ult1i  on  tlic  other,  arc 
constant  stimuli  to  increased  effort  toward  their  utilization. 

Although  I  have  endeavored  to  select  the  above  examples  of  un- 
solved problems  with  n  vivw  to  ioucliing  iipun  as  Urge  a  portjon  of 
the  field  of  technical  chemistry  as  poeHible.  I  could  doubtlotte,  with 
ctjuiil  propriety,  have  selected  others.  We  can  simply  mention  such 
iniponanl.  quef*tioii9  ng  (he  hygienic  preservation  of  food,  the  flame- 
proofing  and  preservation  of  wood,  prevention  of  the  corrosion  of 
structural  in>n  and  Bteel.  the  great  problems  of  chemical  metallurKj-, 
Mc.  We  rawst,  however,  note  some  of  llie  more  recently  developed 
forces  and  phenomena  of  nature,  the  application  of  which  to  tce)i< 
oical  chemistry  forms  problems  for  to-day.  One  of  the  most  im- 
portant of  these  is  electricity.  Thanks  to  the  triumphs  of  modern 
electrical  engineering  we  ere  now  nblc  to  call  (o  our  aid  unlimited 
amounts  of  this  agent  at  a  tugt  comparabte  to  that  of  uther  furms 
of  oucrg>'.  Poseibly  the  simplest,  though  not  the  oarlicet  ntcthod  of 
utilixinj!  elt^trical  ene-rgiy  in  clicntical  procc»ie«i  i»  in  supplying  the 
heat  necessary  to  carry  on  a  reaction  directly  at  the  point  where  the 
reaction  tnk^js  place.  In  a  number  of  chemical  induatrics  (for  e^iftinple, 
the  manufacture  of  phosphorwi)  it  was  previously  necessary  to  pro- 
duce within  thick-wslled  retorts  a  very  high  temperature.  The  result 
was  that  a  great  dca-l  of  heal  was  wasted,  the  retorts  deteriorated 
verj-  rapidly,  and  the  reaction  was  carried  on  at  a  low  efiiciency.  By 
UHing  an  electric  furnace  for  the  manufacture  of  phaiphonis  these 
expensive  retortjs  are  eliminated.  In  adtUtton  much  cheaper  raw 
materinls  may  be  used,  the  proress  is  made  continuous,  and  a  high 
efficiency  oblained.  By  the  substitution  of  electrical  heating  for  the 
clo6ed  retorts  previously  used  in  the  preparation  of  carbon  bisulphide 
the  miimifacturc  uf  this  chemical  ha»  been  pUcud  upon  an  cnlirely 
new  basis.  The  economy  introduced  by  supplying  th&  heat  at  the 
point  where  the  union  of  carbon  and  sulphur  takee  place  is  clearly 
mdicat«d  by  the  low  jiricc  at  which  thi»  material  can  now  be  sold  and 
its  enormously  increofied  consumption. 

With  the  ability  to  obtain  tempernturee  far  above  that  which  us 
possible  by  the  ordinary  comhuation  of  fuel,  there  was  opened  up  a 
new  6etd  in  synthetic  chemistry.  Keactions  which  it  was  impos-tible 
to  carry  out  ou  ii  nx-hnical  wale,  and  otlicra,  the  cxietcuco  of  which 

Lwae  not  suspected,  have  now.  through  the  applit^ation  of  electriciJ 
energy,  become  the  bases  of  large  manufaclurng  enterprises.  Calcium 
carbide,  carborundum,  artificiul  graphite,  and  many  hitherto  un- 
known alloys  nre  the  commercial  products  of  the  electric  furnace 
where  temperatures  in  the  neighborhood  nf  500(1°  C.  obtain. 
The  third  »nd  more  strictly  chemical  application  of  electrical 
cnrrgy  is  in  tbo  use  of  the  current  for  electrolj-sis.  Faraday  long  .iito 
determined  tlie  laws  according  to  which  chemical  compounds  brealc 
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up  wh«a  subjected  to  tli«  pas8*ag«  of  an  electric  current.  It  is  only  in 
recent  y«iu^,  however,  thai  the  co6t  of  clcctrlciil  oavrgy  has  mudo  it 
pot^tble  to  Apply  the  knowk><lge  thus  furuislied  by  Ihis  KTeut  inveeti- 
gator.  AmoDK  the  many  import&tit  advances  due  to  this  use  of  elec- 
tricity amy  bo  inuiilioncd  the  manuftvcliire  of  caustic  soda  and  bleach- 
ing powder  by  the  Blectrolysi*  of  briiie.  The  pertentage  of  the  world's 
supply  of  thcBe  two  Etandurd  urticlee.  which  is  nuw  made  by  this  pro- 
cetei  is  already  a  formidable  iiKure,  and  confitantly  increasing.  In  the 
elovtrolytie  production  of  aluminium  we  have  seen  ao  entirely  new 
iuduetry  develop,  until  it  in  now  one  of  nui^ficcnt  prttjiorlious. 

What  the  application  of  electricity  will  do  for  technical  chemistry 
in  the  future  can  be  predicted  only  by  estimating  the  result*  of  U>e 
poet.  In  many  fields  it  is  pructicalLy  virgin  soil  over  which  ouly  the 
pioneers  hSiVe  trod,  and  which  ia  still  waiting  lo  be  tilled. 

Under  the  name  of  catalysis  or  contact  action  is  included  the  other 
force  thai  we  eon  mention  this  af teruoon ,  the  usefulnees  of  wtuch  llie 
technical  chenu«t  is  only  beginnibg  to  appreciate. 

Thn>e  substances  whidi  are  capable  of  so  wonderfully  iiicreaidue 
or  decreasing  the  speed  of  a  reaction  without  tbetnsetvee  appearing 
in  it«  fitinl  products  vary  in  their  nature  fruni  such  simple  ones  aiii 
metallic  plntiuum  or  ferric  o.'cide  to  Ibo  most  delicately  constituted 
ferments  or  enxymes.  The  manufarture  of  concentrated  sulphuric 
acid  by  8u«h  a  procota  is  perhaps  the  most  striking  example  of  tJie 
ftpplicfliion  of  this  idea,  although,  to  be  sure,  the  finely  divided 
platinum  Uiicd  at  present  plays  but  the  rOle  which  the  oxides  of  nitro- 
gen have  done  so  aiiecettsfully  in  tlic  past.  The  reproduction  of 
photogrnphte  negatives  by  subBtitutiiifc'  for  (he  action  of  light  on 
acmtiliKcd  paper  the  contact  action  of  certain  rhemiral  compounds, 
is  a  proce^H  worthy  of  ils  dieting jinhed  discoverer,  lV>f(«8or  Ost  wald. 
For  this  application  of  eataly&is  even  the  muitt  pefu^imistic  must 
prophesy  a  ^rcat  future.  Still  another  phase  of  this  queation  is  found 
in  the  hydrolysis  of  fats  by  the  enzyme  fciiin<l  in  the  seeds  of  the 
castor-oil  plant,  Instead  of  the  apptit^aiion  of  aoid,  heat, and  pressure 
the  same  mult  is  nbtainnl  at  room  temperature  by  the  quiet  aetiiin 
of  this  cstaJytic  body.  The  advantages  to  be  reaped  by  the  develop- 
ment of  those  plicnomenn  can  scarcely  be  foreseen.  Even  the  wildest 
dntaiTicr  nii|;ht  eaisily  do  injuutice  to  t)ie  pnsMibilitiee  of  tliis  wonder- 
ful agent  when  intelligently  used  by  ibe  technical  cbemial. 

We  probably  should  not  invite  criticism  were  we  to  state  that 
wherever  wc  find  a  manufacturinR  c»tBi)IiHbment  based  upon  chemical 
processes,  there  also  exist  problems  in  technical  chemistiy.  That  one 
factor  which  i»iio  apparent  that  ttscareely  needs  meiitioninfi.  namely, 
Ibe  inerease  in  the  yield  of  processes  now  in  operation,  is  enough  to 
Kubstantintc  this  a^crtion.  The  paramount  <|uestion  before  us  b 
therefore  how  can  these  problems  best  be  solved.  In  any  answer 
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to  this  (lueetioa  Uiere  are  two  factore  both  of  which  deeply  affect 
the  future  growth  of  chemica]  industry.  The  first  m  the  altitude 
of  the  nianiifitcturer  townrdji  science  and  scientific  workj  the  xccoiul 
U  the  training  of  the  coming:  chemist. 

When  a  few  ycsra  ago  England  awakened  to  the  fact  that  many 
industriea  in  which  she  was  the  pioneer  and  at  ouc  time  the  leader 
were  in  the  main  passing  to  other  countriee,  there  wetit  up  a  great  ery 
for  "lochuical  education."  The  nature  of  the  industrial  stimulu« 
which  has  borne  such  tnagnificeiit  fruit  In  Germany  waa  not  under- 
stood. In  the  minds  of  many  a  panacea  for  alt  their  difBculties  v/aa 
to  be  found  in  the  technical  education  of  the  working  clatMGt,  But 
this  is  unquestionably  a  mistake.  Until  there  is  a  love  of  science  for 
its  own  sake  and  an  appreciation  of  the  value  of  scientific  method 
among  the  leaders  of  cliemical  induslry,  tlie  fruits  of  twhoical 
education  cannot  be  resiped.  Carl  Otto  Weber,  speaking  of  this  move 
toward  a  more  f>eneral  acientifir^  cdtieation  in  Enjdand,  aays:  "Until 
the  nation,  bs  a  whole,  recognizes  that  the  proi«ecution  of  scientific 
study  tin  a  mure  meant)  of  money-makiug  \s  u  profanation  dcfciitinx 
ita  own  end,  the  hiatory  of  industrial  developments  in  England  will 
afford  the  same  melancholy  .'spectacle  in  this  as  in  the  last  century, 
technical  oducalinn  not  withstanding." 

The  time  is  paat  when  a  factory  can  be  run  by  rule  of  thumb:  when 
the  cheini.'it  is  Inoked  down  upon  simply  as  n  testing-machine  to  be 
kept  at  a  distance  and  generally  n^istrtigtcd.  It  is  true  that  there  are 
many  men  to-dny  who  pa£s  under  the  name  of  chemists  who  are  little 
more  thun  tcstiuK-niachines;  men  who  p<issess  the  ability  tn  do 
nothing  more  thaa  the  most  strictly  routine  analysis;  but  auch  men 
'        never  solve  the  technical  problems  of  the  present  or  any  other 

me.  I  wonld  not  impugn  the  dignity  or  intrinsic  value  of  flnulylioal 
work  —  !t  is  the  cornor-BtoDe  of  all  chemical  investigation.  But  1 
would  pmphiLfi^.c  the  fact,  for  it  is  a  fact,  that  the  manufaeturer  who 
employs  a  socalled  chemist,  one  trained  to  "do "coppers or caibons, 
or  aeid«,  and  who  iit  the  same  time  expects  this  chemist  to  improve 
his  process  and  keep  his  business  in  the  skirmish-line  of  the  industrial 
battle,  must  eventually  be  numbered  among  the  "  not  accounted  for." 

The  second  factor  in  thia  annwer  i.'*  the  Iriiining  of  the  coming 
chemist.  What  is  the  reply  to  that  now  so  oft-repeated  question: 
What  is  the  tiest  preparation  for  a  technical  chemist?  1  am  perannally 
of  the  opinion  that  it  is  not  to  be  found  in  the  teaching  n{  applied 
chemistry  aa  this  t«rnn  \s  generally  understood.  This  training  must 
provide  for  something  more  thun  Kimply  copying  the  present  — 
doing  as  well  aa  othens  do;  it  must  build  for  the  future.  We  must 
provide  men  who  are  prepared  to  boIvc  the  unsolved  problems. 
Within  the  last  few  months  much  has  been  said  and  written  in 
America  about  the  lack  of  adequate  instruotioa  in  technical  chemistry 
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ill  our  univeraitiee  ^nd  colleges.  It  is  flesutned  that  Americtn  indiis- 
tricH,  b&scd  oti  cliemicul  ]>roc4»i0a,  do  not  Houmli  for  loirk  of  tnen 
truiiieil  iiuliis  brancli  of  seieuce.  This,  however,  in  not  the  case.  It  is 
not  more  instruction  in  applied  chemistty  that  America  needs,  but 
rather  &  dee[)er  and  broader  knowledge  uf  pure  chemUtry  with  a  more 
extended  training  in  original  re^earc^h. 

la  ni&iiy  of  the  problems  we  have  already  noticed,  the  solution 
depeuds  upon  the  discover}'  of  new  compounds  —  the  invesligat  ion 
And  study  of  new  reactions  Hud  rcUtionghips.  Ttiis  is  tlio  pronncc  of 
pure  orgUDic  and  inorjciuiic  chemistry.  Tlic  foundations  of  Ihe^c  two 
departments  cannot  be  too  firmly  or  loo  broadly  laid.  The  method  of 
attuok  best  followed  in  eaeh  cannot  be  too  n-cil  understood.  But  it  19 
not  suHicicot  that  vo  study  ouly  the  imtial  and  the  Gnul  producia. 
It  iit  nil  important  to  learn  the  infiuence  of  the  variable  factors  on  the 
proceta;  to  study  the  reaction  for  itself.  This  Is  the  province  of  phy- 
sical cheiniairy,  e,  deparimeut  of  science,  the  importauce  of  which  to 
tuchniciil  cliomi»try  cannot  bo  ovoreetimated.  To  be  able  actually  to 
apply  the  laws  of  chemistry  and  to  predict  the  Mtuise  of  reactions 
from  general  principles  already  proven  is  a  tremendous  economy  of 
both  time  and  energx'. 

After  wo  have  uc(|uired  Ihe  tools,  however,  we  miist  learn  to  use 
them;  after  wo  Tx»Ae»s  a  sound  knowledge  of  inorganic,  organic,  and 
phj'Bical  chemistry  we  must  Imve  adequate  training  in  work  requiriog 
original  and  independent  thought. 

As  1  have  alreudy  noted,  the  training  to  be  derived  from  un  investi- 
gation may  be  the  same  even  though  the  incentive  for  its  undertaking 
may  be  different.  While  I  believe  that  so  far  a«  poesibie  the  student 
should  be  influcticed  to  w»)rk  for  the  love  of  knowledge  and  fur  the 
niiistery  of  science  for  itself,  yet  especially  in  his  later  yeatv  of  study 
there  are  advantages  in  allowing  him  to  combine  with  this  a  utili- 
tarian aim.  In  America,  at  leaat.  most  men  enter  our  lecliuical  schools 
with  the  intention  of  fitting  themsdvca  us  rapidly  as  poeaible  for 
some  useful  calling  in  life.  Tliey  have  a  feverish  desire  to  get  tJirough 
and  to  enter  the  cre-ative  industries  and  accomplish  something.  1'hcy 
will  work  with  enthuaijiam  upon  whatever  tJiey  can  be  made  lo 
recognize  as  contributing  to  this  end.  but  by  their  very  directness  are 
intolerant  of  supposed  digressions  from  their  chosen  path.  Tlie  prcr 
eence  of  too  much  of  this  spirit  is  to  be  regretted;  bul  it  is  a  power  to 
be  turned  to  service,  not  to  be  opposed.  It  does  not  follow  that  for  a 
training  In  ercicntilic  method  and  for  broadening  the  mental  Iioriiou 
a  research  which  can  have  little,  if  any,  praotical  value  is  superior 
to  one,  the  solution  of  wliich  ean  find  immediate  application.  For 
advanced  work,  as  nuich  pure  organic  chemLitry,  for  esumplc,  can  be 
Ie»med  from  an  attempt  to  convert  safrol  into  eugenol  (a  cotisumma- 
tioQ  in  itself  devoutly  to  be  wished)  as  in  the  trnnsformation  of  boom 
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other  compound  with  a  much  longer  nnme  but  vrilh  no  hi^er  deetinjr 
than  to  fill  a  place  in  Beilsleiii.  Sn  also  in  ph\-»ical  chemistry.  A 
careful,  painstaking  iovestigation  of  some  of  our  already  eslnblishcd 
indwstriiil  processes  with  a  view  to  determining  tho  muximum  yield 
at  the  mitiinium  cost  is  of  the  grt-atcst  educational  value.  In  other 
words,  a  problem  for  research  may  hove  a  tUstbictly  practical  hearing 
without  being  any  the  less  a  study  in  pure  science,  or  without  having 
thereby  an  inferior  eciucattonaj  value. 

In  other  problcniB.  wc  Imve  noted,  the  Bolution  largely  depends 
upon  the  procesw,  not  the  reaction.  This  demands  the  chemical 
engineer,  a  man  who  combines  a  broad  knowledge  of  cliemiatrj'  with 
the  essentials  of  mechanical  oiiginc«ring.  He  must  be  well  schooled 
in  the  economics  of  chemistry;  have  a  knowledge  of  the  strength 
and  rhpmirai  reiistanre  of  materials;  be  sble  to  desijrn  and  operate 
the  mechanical  means  for  carrying  out  on  a  commercial  scale  the 
reactions  diseovorod,  and  duplicating  the  conditions  already  deter- 
mined. 

All  thia  training  cannot  be  combined  in  the  one  man  who  takes  a 
four  years  college  course.  I<^ither  he  must  study  an  additional  year  or 
two.  or  he  must  replace  some  of  his  chemit-al  work  with  mechanirftl 
engineering.  But  such  a  man  must  contribute  a  great  share  in  the 
ultimate  succeea  of  chemieal  industries,  for  on  him  depends  the  solu- 
tion of  the  problems  comprising  the  second  dirision  of  our  subjet^t. 

With  men  whose  foundations  are  thus  broadly  and  deeply  laid, 
anxious  to  enter  the  induatrial  arena,  and  with  a  generous  appro* 
ciation  of  the  scientific  man  on  the  part  of  the  manufacturer,  coupled 
with  a  willingQcss  to  grivnt  him  an  adequate  return  on  the  naoney 
invested  in  such  an  education,  the  problems  in  t«Rhnical  chemistry 
of  the  present  must  rapidly  become  the  achievement-s  of  the  past. 


SHORT    PAPERS 

Dr.  Sauvkl  p.  RAMT.EB,  of  PliiUdriphw.  Pi-ntuylvauui,  r»id  n  paprr  before 
this  Section  on  "  FlamclcM  Wood ,"  and  tlisvutuxMl  ttie  varknu  procntfcs  of  fira- 
pioor  tKAtmeat. 


Till-  foUnwiiiE  poiirr  on  "T)ir  Rrliitioii  of  Tfchnicnl  Chcmietiy  to  Huin&n  Pro- 
gTTM  "  (CM  pmK^ntixJ  by  Dr.  Uftrvcy  W.  Wiiny,  of  the  ITnit^  8t«tM  Dcpftrtmcnt 
of  AKriculturv,  tuid  Cliainrnui  of  the  Section  of  TcchniciU  Chcnuatry: 

I  vifltl  to  no  oiip  in  my  sdmirutiou  forthiit  jwrt  of  our  nciencc  which  is  perhaps 
somtttimMi  impmpnrly  dmomitnttisJ  "  Puw  Chemintry."  To  be  BUPe,  w*  need  not 
object  to  tlic  UBP  of  the  word  "purr"  lu  Applied  to  chr'miatry,  and  it  seems  tome  it 
tun  be  ftpplied  tn  All  hranoiiM  with  eqiml  proprii>t}'.  Tlic  term  "pure"  m  twed 
Al>ove,  however,  refen  •olely  to  choinijitrj'  when  eoiiHldereil  entirvly  npart  from 
uiy  practical  application  or  general  utility.  And  yet  it  is  almoat  impowlble  to 
coiuider  c1ienii«lry  in  tltat  light.  No  matter  how  abetmct  th«  iuvevUgaUon  nuy 
be  as  a  ruin  it  treats  in  eomn  vay  of  human  iatercata.  In  other  worda  it  Is  quit« 
impoBiible  —  it  seems  to  me  —  to  divorce  chemislrj-  from  the  humonitit*.  Teeh- 
nica]  chemlatry  perhaps  more  than  any  other  branch  of  our  veicncv  lira  quit« 
cloae  to  human  hope*  and  himuui  progrm.  The  application  of  diemicttl  invvatl- 
gntionii  foniiB  the  foundation  of  sauitutiou  luid  liygiciir^.  It  providiv  thi-  mnrdira 
wliicli  arc  u-ed  in  diseuwa.  It  produos  autitoxiiia  wlucb  counteract  bioloKicml 
poiKon*.  and  build*  up  the  technique  which  leudcm  their  manufactitrc  and  dis- 
tribution pcHBiblp.  It  dcltTuiiii™  the  purity  of  tlin  wiircr-supply  and  of  thp  air, 
II  diicovere  the  ftirnw  of  food  adiiltrrntioii  which  nre  injiirioua  to  fieallh  and 
piMndea  over  the  iiwpection  which  pn-vrntn  them,  nnd  in  a  doien  other  way* 
Biioifloiv  to  tha  public  health.  It  \a  evide^it  that  technical  chemistry  in  thia 
Hpeet  tends  to  prolong  tiuman  tifp  and  make  it  more  uopfnl.  After  all.  life  ia  tiM 
one  gnat  dmire  of  ntnn  luid  tbun  in  pmlongtcR  it  tcclinicnl  rhcmwtr)'  minixtera  to 
man's  supreme  desire  more  than  any  other  hmnrh  of  chemistry  or  of  any  other 
science.  TeebnicaJ  chemistrj-  opens  the  witHenxss  to  civiliiation:.  By  its  means 
have  been  built  those  fnorvelous  lines  of  conimuniealion  lietween  distant  parta  of 
the  same  conntr>-  and  oountriea  separated  by  the  seas.  The  railway  and  all  its 
appliance  are  creatures  of  ti_-eliuic«l  chemititry.  Tliesteamslup  is  nolrsBBO.  Thus 
teclmical  chejnistry  is  the  most  important  of  the  sciencea  lying  at  the  basis  of 
trsTiaportation.  AssociatMl  with  ita  aister  scienee.  "Phyaica."  chemistry  has 
helped  to  buUd  up  llie  great  industry  of  the  applications  of  electricity  to  the  ar1«. 
Elect n>clieinbtr>'  Is  intimately  aosociated  with  all  that  the-  tnaxtMy  of  eloetrical 
irinnor  hoi  dotu."  for  human  progTcas.  It  may  not  be  much  tu  itjierpilit,  butchrmia* 
try  in  till'  (loiniiiant  ncieJic«  in  thv  nrt  of  war.  It  not  only  innkcH  the  explonivrs  but 
also  the  guns  which  carry  them,  and  whiln  it  in  true  that  chemistry  lii»  thus  m&da 
wnr  morr^  dfodly,  it  luu  without  doubt  niadc  it  inorp  huniimi*.  Thr  lirrop  prnto&al 
hatrpij  and  enmity  which  miwt  have  rliamcteriied  the  hand-to-hand  fiKhlinjc  of 
anti(|uity  ianow  nn  incident  rntlicr  than  the  whole  of  hnltlr.  Noaooopr,  howf-ver, 
has  technical  clicmiBtry  nude  m  eSicicnt  w  possible  the  implcmenla  of  dcetruc- 
tioD  than  it  turns,  on  the  other  hand,  to  amelioratinjt  the  auficrinn  of  the  wounded 
and  thus  softens  the  pangs  of  the  hoopitnl  nnd  saves  thousands  of  lirra  which 
othcraisc  would  hai'e  succumbed  to  wounds.  There  is  perhaps  no  mon>  remarlc- 
able  coiitrnxt  than  these  two  applications  of  technicai  chemistry,  on  tlie  one  hand 
to  destroy  and  on  the  other  to  save.  In  theart  of  ftgrirnltnre,  technical  chemistry 
ia  one  of  the  chief  factora,  and  agriculture  must  be  rvcogiiiz«d  as  tlie  baaic  industry 
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of  M  that  rtlAbw  to  the  wplfire  of  man.  Wr  Riight  ^t  uIodk  without  the  fkrili- 
tire  of  transportation,  we  might  d«  ^wsy  with  the  adapffttlons  of  the  plMrtricAl 
form  to  indtutry,  we  might  dispenae  nitti  ttie  perfected  armamenls  of  modtMii 
botllinhipq,  but  ne  cnruiot  du  without  food  and  i>IotJ>iRg.  luid  thMO  Kii>nt)fic 
nfcricullun?  fumJeli.  Wbilt  almoet  erpry  science  contribwtw  Bomutliins;  to  «gri- 
niltun;.  Aitd  vliili!  wi>  rnoogiiiM>  Ihi-  coDtributions  of  all  fully,  we  must  admit  that 
diemiatri-  takvs  iIif  Ipod.  Oirm'utr)-  dttL-rtniut's  tin-  fi.-rt!lity  of  the  eoU,  thp  clinr- 
acbr  of  tlir  nmtrriiJs  n-niorcd  by  tlie  crop,  uid  funtUlim  tbi-  mPAua  tti  restore  the 
pknt-fiyxU  wbi«h  hut  removed.  It  fttudiea  thn  proocBses  of  niitrition  and  shows 
bow  food"  con  bo  lucd  tc  oeciire  the  bwt  cvonotaical  naulls.  It  Iniprovi-a  tlii^ 
yield  of  old  ficldn  l>y  the  sdentific  applivntion  of  fiTtilienra  eoinbiDt'd  n-ith  tysWrn- 
atic  mcchunicnl  tivntnmt.  It  Adapfai  thE  inw  nmtcrinl  of  neiiculturrt  to  upK-UiG 
lines.  It  develops  xnnt  indiiBtriff  whicli  wittioiit  it  would  tir  forttvrr  dnnniuit,  m, 
for  iiuttanro.  the  bort^isar  industry,  which  in,  it  mny  Ixi  atiid.  nlmoirt  purely  ■ 
chemical  ppodupt.  In  fmrt  the  nppliiuitiniis  of  chcHiintry  to  imrifiulturr  ant  no 
Dumemus  and  important  that  only  a  voluinp  rould  iide>iuatt'ly  portray  tht'iii.  If, 
thrmfore.  it  lie  ndjudiced  proper  to  cull  sbetnwt  chrniistry  pure,  ire  luunt  rlnim 
tliBt  it  is  only  appropriate  that  technical  chemistry  should  be  called  pcirfect. 
AttM  all.  man  is  the  chief  thing  to  be  valued  in  thia  world  and  all  that  mininten 
to  his  wi'lfatv.  to  l>i»  proKr'-w,  and  lo  hin  happineiw  "limild  rec*iive  tlie  special 
favor  of  human  thought.  That  application  orelTort  which  does  not  dosoniething 
for  tlw  odvajK^menl  of  iii»ii  —  dirertly  or  iudirrclly  —  in  liurdly  to  \v  (lioiifilit 
worthy  of  occupying  tlit^  tiitx^  of  man.  We,  tlier«foTV,  deem  it  only  (itiing  that  the 
authontifs  in  charge  of  the  ProEnunme  of  thia  Congreu  should  have  made  a  spe- 
cial diviBiuo  of  this,  iu  Bucrii.'  rr^ipectH,  the  must  important'  part  of  our  science. 


Or.  Marcvs  Bekjakiv.  of  the  Untt«d  Btntca  National  Hiuouoi.  luid  Secrr'taTy 
of  ttic  Section  of  Technical  Chemistiy,  prceKntf^d  tim  follcwing  valunblc  paper  on 
"Tlie  Hiatorival  Dpvnlopmwt  of  Tpchnicid  Chcraimlry  in  the  UniliMl  Stat«s:" 

The  invititivo  gfiiitui  of  the  Amcricnn  poopir  in  univctBally  conerdrd.  The 
nccMvity  of  nccompli^hiiie  thinm  quickly,  incidental  to  the  growth  of  a  new 
country,  ouch  ns  ours,  hiut  nnturally  led  t«  the  invvnlion  of  mnny  forma  of  Inlior- 
lUviti^  nvicliiniT^',  and  so  with  improved  npptinncm  have  come  improved  rnethods. 
Ttie  twhnieal  chemist  is,  however,  less  fortunate  than  his  brother  in  the  pro- 
femorial  chnir  whose  in«ril«  are  mado  known  by  hie  students,  thus  attracting  an 
ever-increasing  following  lo  his  laboratory,  and  perhaps  he  is  also  leas  fortuiiatc 
than  hia  associate  who  dovotee  himself  to  research  work;  for  to  him  are  given 
medals  and  honorury  nicmWnhips,  which  are  properly  the  "blue  ribbons"  of 
science;  hence  it  is  tliat  tli*?  discoverii's  of  tin-  ti^hnical  cliftmlat,  rapcaially  wlicn 
they  are  comniurcJiilly  mcritorioUH,  reniaiin  toO  fro(|ueiitIy  unknown,  and  thn 
profits  of  the  improvcmrjit  go  to  swdl  tlio  dividrndi  of  the  curporution  to  which 
he  owns  his  nUegiancp  while  hr  receive  no  pubitic  recognition.  It  Bfttiinilly  follow*, 
lliprnforr,  that  any  aunminiy  of  the  achievements  in  the  dnvflopmcnt  of  techniwil 
clw-nni«lry  nnwl  W'  very  iucoiiiplete. 

To  luiy  when  rlu'miiitry  begins  is  not  genernlly  poasihle,  for  its  origin  wandcn 
haclc  into  iilchcmy  and  phnnnncy  on  the  one  side  and  into  physics  on  the  other, 
ftnd  t!t«n>  are  nn  ulinrp  lintH  of  separation  among  the  various  branches  of  scienoe, 
for  thpy  grndnally  merRe  one  into  the  other.  In  this  country,  however,  wu  liavo 
grown  to  accept  the  date  of  the  arrival  of  Joseph  Priestley,  June  4, 1794,  as  a  most 
excellent  time  at  which  to  Ixipn  the  modem  hiotory  of  chemistry. 

The  younger  Silliman's  mastvrly  Ammenri  Ccntril/uti<fn*  lo  Chtmittry'  ((ives 
me  the  right,  therefore,  to  merlion  first  IVnjiiniin  Tliomptiun,  Count  Kumford 

'  American  Chemitt,  1874,  vqI.  V.  p.  70, 
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(176I-I814).'  Kh(M»  Btudim  in  hest  and  fuel  nvra  u  praolietl  n  tli^y  u-ere' 
important,  tlut  «»rly  knonledci-  of  scienoe  ww  aoqutrwl  from  Joho  WinUirop 
(1717-17701,  wlio  iieJd  the  chair  of  matlutmalics  nnd  aatural  plulceopby  al  Har- 
rard  from  1738  till  his  d^aih.  Of  Count  Hutnford  1  haw  lAid  t7la<:irlxirr<!: '  "  He 
iavi«i[J|!iLlv(l  till'  propurtioH  and  mBnugi'inrnt  of  lipnt.  and  tli«  ainoual  o(  it  Uwt 
«M  i)ru(luc«tl  by  tlii-  coiubunLion  of  dilfetvnt  ktmU  af  Sw\,  Uy  inpHiui  of  k  nlori- 
nuter  of  hu  own  invvntion."  By  Tvoonatructing  tJif  fiivplacoi  tip  k>  iroprDVcd  the 
nuthods  of  wanning  apartment*  and  oookiaK  fowl  tlut  a  iwviiig  of  fuel  of  slnMwt 
one  half  wah  offrctnd.  Hi>  impiQviwl  thr  eoiutructiuti  of  ttovM,  cookiivK-iuivnw. 
conl-grnti'a,  nnd  rliimnryv.and  ■honed  that  tlii' noD-coniliict.inK  povrrr of  cloth  i* 
due  to  tlie  air  that  is  inclosed  tn  il«tih«ni.  Sillimsnmell  vaysof  tiiin:  "No  writer 
of  liiH  tinv  )ia8  l«it  n  noblc-r  record  n[  nriginid  pow^r  in  pKyncal  Kienre  llitm  Uiini> 
ford."  It  Till  Alto  be  rcmcmbcrfd  that  by  will  he  pronded  funds  "  to  tttacli  bjr 
Mgular  coureoe  of  acAd^mical  and  public  lertuieB.  aooompanicd  by  proper  «xp«ri- 
napaU.  thv  utility  of  tlif  plimcal  and  maUiMnstlcal  seitMioM  for  thi-  improT«incat 
of  tlie  us)^f id  aits.and  (or  the  extension  of  ihi-indiiatry,  prosperity,  happincn,  and 
wcU-lxTiivg  of  socioty."  '  Lvt  Bip  aiua  fi'mind  yoU  tliat  WulcoM  Giblii,  the  aldt«t 
and  uow  tbo  Nuelur  of  AiiiL-ricau  chumiata.  Ii«ld  the  Ruinford  chair  in  th«  Lftw* 
n-ncn  Scientific  Scliool  of  Hiirvsrd  frtim  JStt.1  till  1S*S.  during  which  tiino  many 
of  tlioiie  whu  ore  now  IccidrrB  ill  chctiiiiitry  were  sLudenl^  under  biuL 

The  laat  cattury  wns  only  n  year  nid  ulirn  RuU-rt  Uutv.  {I78I-IS&8>  commu- 
nicated kin  dinMiv*^  of  the  oxyhydivif^D  tjlowpipo  In  the  Cliemieat  SoGtety  of 
PhilodolphiM.  Thia  instnuQeut  hi^ld  b  rorfuioBt  pluix-  fur  tlw  production  of  arti- 
ficial beat  until  the  tvomt  intrmluction  of  the  circtrio  fiirnitiv.  'I'lic  Ap|ilicati«n  c4 
the  principle  inrcntrd  1^  Hbtf  still  find*  rJitenaii-r  use  fur  lightkoiuir  iUumtnation 
and  similar  purpcsce  tinder  thcnoLmcit  of  "Druniond  lij!ht"  nnd"ralciii[n  li|chl-" 
It  is  int«n«tin2  to  rvcftll  in  this  eonnection  that  Haw  vm  th(^  iirrt  to  reocive  the 
Rumford  tnednU  f-rom  thu  Acnderay  of  Arts  and  Sciences. 

Hue  WAS  also  the  inventor  in  1816  of  a  cslorimotor.  n  form  of  batt«ry  by  whkli 
atarsie  amount  of  heat  wasK^neratod.  and  four  years  later  hemodifieil  thisappara- 
tua,  vrith  which,  then  known  as  Hare's  deflagmtor,  In  1823  ha  &tst  diuionstrat«d 
the  volAtiliiation  and  fusion  of  cartifin.  His  memoir  on  the  Erpliuivtiuu  of 
NUtr,  wliiL-h  wmt  puljliHhed  by  the  STnitluionian  Institution  In  IKSO,  was  ome  of  1h« 
earlitwC  coiilrihulinn-i  by  an  Ann'ricnn  to  thu  literature  of  ejcplorirea.* 

The  originul  discuvoiv  of  chlarofomi  m  clearly  of  American  origin  and  must  b« 
credited  to  Samuel  Outtirie  (17s:J-l»lti).of  8ackt;tl«  Harbor.  New  York,  whose 
r«M«.n^hPii  nnlicipnb^d  tliosn  of  ■SculN'^iran.  I.inbig,  and  Dumaa  by  nearly  a  year. 

A  cnmmitle*'  of  the  Medioo-oliirurgicnl  Society  of  Edinburgli  gave  him  lh« 
credit  for  havinit  fintt  publivhed  un  aoc»nnt  of  tlii-  Iherapvutic  effects  of  cliloco- 
form  as  a  diffusive  stimulant.  Dr.  Outhrie  wn*  bkctriin  thtt  inventor  at  a  prooros 
for  the  rapid  converaioo  of  potato  starch  into  sujoir.  He  also  experimented  with 
considerahle  imldnem  in  the  doinnin  of  explofivra,  inventing  various  fulminatijig 
compounds,  which  he  doTi^Ioped  commercinllv- 

Ainong  early  t4>clinical  chcmiabt  Samuel  Lutber  Dana'  (17ft5-1869)  stands 

'  .Sm>  Mrmoir  of  Sir  Bfniamin  Tfitrmpaon,  Count  Rumford,  vith  Sotifta  of  kit 
Dauohter,  l>>-  Oconrc  £.  tMua;  alao  Cvmptele  ICorfc^  «/  Counf  Rumford,  4  vols. 
pubu»lie(l  by  tlii^  Anirriam  Aciuli-mv  of  ArtA  and  Rcirncts  (Bostoo,  187C}. 

•  Ciftlopitdia  of  American  Biography,  vol.  v.  p.  345,  article  Rumford.  Bcniamui 
TliotnpsoTi.  Count. 

•  /ImmVnn  CAemi'sf,  vol.  v.  1874.  p.  73. 

•  Smith»anvit>Mui'rllatie»u*Voltfrliimt,vt<\, It. IfSHi.  AlsoMatbftmsamlro'Un 
by  the  rider  Silliniim   in  the  .'I  rnrrimn  Jmirruil  of  Scimee  (3>,  XCVI,  18M(  tl.  UKK 

•  An  nccount  tif  his  earner  hna  been  published  in  pamphlet  form  l»y  nJa  <le- 
scendnnt,  Owiun  Outhrie, 

•  6ee  ekelcli  of  8auiU'l  l,utln:r  Dana  in  Pionwrs  of  Snmcc  in  Ammea  (New 
York,  189«).  pp.  311-318. 
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deserredl^r  high.  Hi*  CHend,  Dr.  A.  A.  Umy»,  hoc  (oatiluHl  lo  "  lin  (crc«l  Tertility 
la  wigiiiBl  devicca  for  scnenU  and  toobnokigicnl  work."  While  chooutt  to  the 
UoRunac  H&nubietnrinii  Company  of  Lomll,  MnauchiiiwtU,  I10  iindmook 
Vjstcmatie  rotcnrchra  nn  tlii>  action  af  the  dtiti^  of  bovVM  —  tlipii  luw-d  for 
RDiOfinit  tho  txavf  of  iiionbinl  In  printing  calicoes  with  madder  —  which 
rMultod  in  th(i  di«ixivi^  thut  cnidu  pbo«pliat««  in  a  bat!i  witL  \>tiua  ue 
ft  oumplRtc  nulMtituto  for  the  «xptDaivt'  rnat«rial  l}e(or«  deemed  indisponaaUo. 
TliiM  iinpiirtMit  ducovery  led  tbo  way  to  the  commercial  nmployin^iit  of  "dung 
mibitittitoB."  Itis  fttudies  of  Llm  ehenucaJ  Hiaiigra  involvrd  tii  llit- practtts  of 
blenching  rottoD  hrought  about  Llii-  imivcnuil  adoption  o(  llir  uietlidtla  rrKum- 
mended  aod  rwulted  in  the  rtcojmition  uf  tUe  Amcncnn  nicthod  of  blenching 
wluclt,  according  to  tliv  Fnuoli  cliciiiiat  Ppraci,  "'rtiilJictJ  tlw  pcrfoction  o( 
ohemicai  operations," 

It  would  be  un  ungraciouB  tank  to  dianuB  in  this  pnprr'tho  niuch-«ontroviertrd 
"ether  discuHmoii,"  but  I  nuiytny.  without  fenr  of  (toiu^  injufticc  to  any  of  the 
wvetol  elaimuit*  for  thn  honor  of  th»  discovery  of  this  Importjuit  an(«th«tic,  that 
(diaries  Thunuts  Jnoknon  (l8l>5-lBS0),8Bid  to  bo  onoof  thv  foivinoat  cbrmiEtaof 
hia  tlintr  in  tlin  uoiinLiy,  dnimpd.  from  pxperimpDli  niad^  by  himself  during  the 
wistor  of  IMI— 12  in  hi*  own  Inboratory,  tliat  hi?  oht.'iinMl  rvnulto  Hhoning  "  that 
■  luiip^  opcntioD  could  be  porforrord  on  the  patient  under  th«  full  influence  of 
sa^>huricethcTwithoiitfprinif  him  any  pain,"  Four  yesrs  lal«r(in  IMD]  this  was 
auooemfiilly  nnnoinphitht'i)  by  Or.  Willi»un  T.  O.  Morton,  who  httii  stixiioi  clifinia- 
try  in  Dr.  Jacluon's  laboratory.  The  French  Acadt^my  of  ficicneM  decreed  one  of 
tli0  Montyon  prixce  lo  JackaoTi  for  his  diAcovery  of  etltprization  and  one  to  Morton 
for  bis  appUcation  of  that  discovery  to  auTKical  operations.' 

Metailurpy  is  little  tDorp  than  tlie  application  of  cliemical  knowVdpt  to  the 
extraction  of  m<.-lula  from  tlicir  oreti.  mid  1,  therofore,  brg  to  ctaini  for  lltt  Unil«d 
Slates  the  first  commercial  prctductiun  uf  Me*A.  Zeruh  Coltnirri.  Uic  wi-ll-known 
mtginccr,  giv«i  William  Kidlj"  ()811-lK8)iy.Bn  ironiiiiurtcr  of  tlip  Suwnnimc  fur- 
nawa  of  Lyon  Couniy,  Kentucky,  the  cr«lit  for  tlic  "  Unit  cxperiinentq  iii  the 
Convi^rxioii  of  lucllJit  ciut-iroii  into  mallejible  Htwl  liy  Mowing  air  in  Jotn  thraiiRli 
tha  mim  in  fuoitin."  I.ot*-r,  when  HW  Hi-nry  ItnMwmcr  luadn  pfTorb  lo  Bpcurn  the 
putnit  of  the  prore.-w  that  bcani  his  name, it  was  decided  by  the  United  States 
IVt^nt  ntlicT'  thnt  William  Keliy  was  the  firat  inventor  and  erttith.'d  to  the  patent, 
which  wn*  promptly  iaKUed  to  him.  In  1871 ,  when  appticntion  waa  tnadn  for  a 
rmewnl  of  tlie  patents  originnlly  issued  to  Bessemer,  Mushet.  and  Kelly,  thp  last 
wa*  Biiccwwriil,  whik-  th*  clnims  of  the  first  were  rejected,' 

The  suereeaful  electro-dj.' position  of  nickel  and  its  commercial  development  are 
chicH.v  due  to  tliiT  riit'iRy  of  Isaac  Adanu,  a  reeidi'iit  of  Cum!>ridg^-.  Maaaachu- 
Mtta.  He  cnri^dillv  vtiidied  the  sutiject  and  found  that  the  failure  lo  ol>taiii  aatis- 
(actory  results  waa  caused  by  the  prwMice  of  nitrat«  in  the  nickel  solutions 
preldously  Ui*m1.  His  luv^ntiuu  ^avf  rise  to  proloag«l  litigation,  hut  la  the  eiid  he 
waa  yictorioua.  Vr.  ChaiidU-jr  thus  diacribea  it  in  tlw  following  woida:  "The 
novel  propoHition  was  prraent4>d  to  th«  court,  of  a  patent  for  not  doing  sonuthiog, 

'  Dr.  Jueliiauii  pulilislird  u  Manual  aj  Hthrrixalion,  with  the  Hi^orutiJ  Ihia  Oia- 
cavtry  (Ikjutou,  l»6l ),  wiJ  mudi  mtenatiuB  iiifornjatiou  is  to  Ijt  liml  Iroin  a  "  Bt- 
pnrt  ul  the  House  of  itepn«*'ntativrre  of  ttie  l1'nit(^d  l^talivt  of  AnuTiea.  vindicating 
the  rights  of  Charles  T  Jneknoii  on  the  Discoverj- of  the  AncBthetic  Effect  of  Ether 
Vapor."  The  oth^r  *idp  of  the  controveny  is  given  in  The  Itiifotrry  0]  Modern 
Anenlh/htii :  ha  irkom  tvni'  il  tnadtf  liy  Laim  Vf.  Neviiw,  New  York,  ISOi. 

'  Much  hiui  t>.-i-ii  wriltfu  of  tiu-  elainxit  of  Kelly,  and  nearly  all  of  tliii  li-nding 
Amcricun  nutullurgisla  ugn-p  lu  foncrJiiiK  his  priority.  Swnnk  und  various 
written  in  thi?  Traruiartivnn  vf  the  Aciierican  IiLstitute  of  MiikiiiR  Kiigii».*em  may  b« 
coDsulted-  Kt'JivH  -ovni  etorv.  as  lie  gave  it  to  tlw  preaeul  wriu-r.  appears  in  the 
Iron  Age,  February  W.  18»8',  p.  330. 
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nasulf ,  for  not  prmittinK  nttrAtw  to  find  thf'tt  imy  into  thf  niflc^l  mlutioai" 
emploj'Kl  in  nirkcU[ilnttng,  oDd  the  court  hr-ld  that  tbn  rxotiuiinn  of  nitratM 
waa  on  mwntJal  condilion  of  ttuocenful  nickol-plHtini;.  and  that  ■  prowM  in- 
volvtDg  this  conditioD  was  just  as  patentable  •»  a.  pnXMM  involviiLg  any  other 
special  rooditiaa  Deceseaiy  for  succcHful  execution,  aad  the  patent  vbb  eua- 
toiniJ."  • 

Id  pa«eing-I  may  oieDtion  tha  name  of  Joseph  Wharton  (lS3ft-  },  wlioae 
fjcptTinirutJi  in  producing  nickel  ia  a  pun<  and  malleable  condition  lo  that  tt 
Ajiild  ttn  wurki-O  likr  iron. culminated  ii)  tlicfint  pruduotion,  in  ISftS.  of  maUmUe 
nickel. 

ChnmiNtry  owm  a  givat  dnbt  of  gratitude  ta  thn  genitu  of  Thonms  Strrv  Bunt 
{1S2I>-ISQ2),  aud  one  of  bin  nioat  notable  coiitriliutloita  lo  lyctuioloiiy  is  thi-  ppj^ 
tnanmit  cnvii  ink  wt)idi  lip  invi'iitji]  In  IKo9  and  wliidi  in  iwd  itt  thr  pniiticiK  ot 
owr  lutionnl  linnk-noti^  and  from  thr  appc-antncn  ol  which  the  vn-!)-knawn  lortn 
of  "greenback"  WM  derived.  Tbetlimtaad  DouftlacproonwfortliQpRcipitatton 
of  coppprliy  irou.fora  time  nuextentivoly  wed  for  Ifi?  vxtraction  nf  oopptrrfroin 
low'.^iil?  (itv*,  w  ail  invention  tho  emdit  of  vliidi  ho  slum*  witli  tho  w«ll-known 
llKtallurtEist,  Jnmcs  DoukIbi. 

Tli«  vulcaniaation  of  India  rubber  by  sulphur  is  the  invention  of  ChariM  Oood- 
year  (1800-00),  who  tra»  m  peni«t«Rt  in  hU  efforto  a»  to  hocoin«  an  object  of 
ridi«iile.  lodeE>d.  he  was  called  an  India  rubber  maniac  and  was  dMcrilipd  as  a 
"  ttum  with  an  Imiia  niliburcoat  on,  Iniliit  nibl>t'ralio<«,  and  itibis  pvckt-t  nn  India 
rxibbcr  piirai-,  and  not  a  CK^nt  in  it,"  His  invention  coiuiat«d  in  mixing  vith  Che 
rubbt^r  a  snuill  quantity  of  anlphur,  fashioning  the  articlea  from  the  pl^tie 
material,  and  furinj;  or  vulouiiiringtW  mixture  by  expoBuw  to  the  twwperalun;  of 
■i65-2i0*  F.' 

OfalnwHt  cquul  ixnportanoB  wnti  tlic  inviMttion  of  hard  rubber  or  vulcanite, 
for  which  Ndton Goodyear  (ISIl-57), a  broi.tur  of  Cliarlni  Ooodycor,  obtatnod 
a  patent  in  1861,  claiming  t)ut  thn  hard.  ntltT.  inBoxiblr>  nnmpeund  eould  bo  bMt 
(ihtainffd  by  hr-atin^  a  mixtum  of  rubber,  «ulphur.  inaKnrnin,  etc.,  but  tJtui  iMV»r 
li«C»me  an  articlG  of  comnirrcc.  In  18SS  AustJt)  Chwilyeiir  l>ay  <  18M-89)  paienled 
a  mixture  of  itm  part*  of  rubber  and  one  of  niilphiir.  which,  whi-n  heated  to  27^ 
^00°  F.,  yielded  the  Bcidblc  and  ck«tic  product  now  generally  Iuiowd  as  hard 
rubber." 

Or.  Leandcr  Bishop  luw  said:  "  In  the  art  of  modifying  the  ruriouH  nati** 
pK^tettieaof  caoutchoue  and  gutta-percha,  and  of  molding  (lieir  plastic  elemeoM. 
iuto  a  thouBand  forms  of  Itvauty  and  utility,  wbelln-r  liard  or  toft,  aHMoUi  or 
corTUgal«di  rigid  or  clantic,  American  Ingvntilty  and  patient  expuriineot  have 
never  been  cxceiltd."  * 

£xoeciliiigly  valuublu  lo  the  industries  of  thia  country  waa  the  Influenoe  of 
James  Curtiit  Booth  (18ii)-S8>.  who  from  1B19  till  his  deatii  wns  Du'll^r  and  n- 
liner  in  the  United  Static  Mint.  In  IKIfl  ho  ottabliahed  a  [abonttor\-  in  I^iladoi- 
phia  for  inatruction  in  elicmicHl  aualyHin  and  chentistry  applied  to  tlie  arta,  and  ia 
ttw  Rounwot  a  fiwycnntgntlicred  around  him  nnarly  forty  Rtudmbi,  among  whom 
wrn^ Martin  B.  Boyi,  Jolui  F.  FtMcr.TlioiiiaB  II.  Garrptt.  nichardC.  MHINiUohand 
ODcnphcil  and  Cinn;[icr  MorTit,  all  of  whnm  ha\'t;  achirviil  riiiiiicncr  an  dicmists.  It 
wuiMudof  him  "that  Mr.  Doolh  hod  few.  if  anyituivrioKiuin  teacher  of  praoticaJ 
chemistr>'."   From  1636  till  IS45  he  bold  tJio  chair  of  chcmintry  applied  to  the  arW 

'  Jour^atof  Ih-it  Si>eiffy  itf  Chfmii-ann/liiiln^.  vol.  XIX,  p.  611,  1900. 

'  Hin  lifp  Ima  lioi-n  puliliahrd  by  DtndfoT(l  k,  Pcirco  with  the  title.  Trial*  of  Ik* 
tn-pmtor.  Mew  York.  ISOO. 

•  /lirieWoon  Chemuft,  vol,  ii,  p.  330,  1872. 

'  A  JiUtmy  o[  Anifriean  ManvjactMrts,  bv  J.  I,e&ndiT  BUwn  (Pltiladelpl 
1880). 
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in  tlie  Frunkliii  Tnstituto,  dclivm-iiiK  tlimp  courem  of  tpi'tumi  i-xt«riidiiig  ot'nr 
tlinv  year*  rncb.  Ho  wm  tho  aiithnr  of  itn  Encijcloprdia  of  Chamintry  (Pbil»- 
dplptiin,  liSfiU)  iukI  vrilli  (.'■niiipbcU  Morfit  of  n  report  On  Recent  /mprmvtnmti  tn 
t>u!  Chrmieal  Artt,  publwhod  by  the  SmithMoniftn  Inntitution  in  1852.  Him 
uppointitMDt  to  tiio  mint  wnii  coia«idci>t  vrith  the  dwmvcry  of  gold  in  Cslifomin, 
and  the  nenr  procewM  re<iiiin>d  to  prepare  the  bullion  for  coina^  were  liirK^ly 
of  tiifi  own  iovt'iition  and  many  of  tlicm,  to  use  hlsown  words,  "were  not  known 
outnde  Ibo  utint."  ' 

It  b  wt^U  known  tfa&t  prior  to  1850  and  for  some  time  thereafter  Fhiladel- 
pliin  v'lw  ilio  acknowledged  centra  for  lhi>  manufacture  of  cheniicals  for  me- 
dicinal use.  To  oolkct  tb»  details  of  thn  many  improvMl  methods  for  the  pto- 
ilucliou  uf  tlies?  cbemicak  wuuld  bu  a  long  and  ilJiTicult  tuak,  U[i<l  would  require 
■DOR  space  Itian  I  tittvi-  at  my  command  in  thb  anlcic.  The  namn  of  eucb 
finm  u  PowejH  and  WeighOnan  aad  Re«cis>rt«n  and  Sona  on*  readily  recog- 
nised aa  tliofw  uf  muiufacturera  of  ab&ndard  ('liriiiii.'idB.  M.  I.  WilWrL  liaa  re- 
cently puldiilird  a  pupiT  riititliTcl  Early  Chf.mirai  Manulariurrrt :  A  ContribuHoa 
M  the  tlialtuy  and  Ritr  of  ihe  Drvrlopmcnl  oj  CJtemital  Irdwilnrt  in  Anirriea, 
to  wliiob  I  aiuat  refer  you  for  furtbcr  iofoimatiun  conoorniug  Uicir  srowtb  and 
ptngnm.* 

I  am  rrrnindrd  in  thia  connoetian  tliat  the  name  of  Edward  Ilolnneon  Squibb 
(i.SHH9CK»  is  otic  wtII  worthy  of  downed  n?cognition  among  monufBCturera  of 
ithemicAla.  The  ether  prepared  by  him  by  procesert  of  liia  own  invention  hua  long 
Ikwi  Bcoaptfd  OM  ■taxadnnl.  For  n  brief  period  during  the  early  fiftiw  of  th<i  Inat 
century  l)r,  Squibb  was  associated  willi  J,  Lawrwnco  Smith  (181S-S3)  in  l^iie- 
ville.  Kentucky,  hi  the  commtTciul  production  of  rl>emie*l  reagent*  and  of  the 
rarer  phsnnnceuticol  preparation!).'  It  ia  also  proper  to  add  the  name  of  the 
Baker  and  Adamson  Chemical  Company  of  E^ton,  Pi^nnaylviuiio.  oa  that  of 
a  corporation  nliich  has  e«tAblislied  a  imputation  (or  the  manufacture  of  pure 
clinnicalB  by  procrascs,  many  of  which  are  of  their  own  d«vi»ing.  Tim  nicceos  of 
this  youriK  Grm  is  gpnerally  admitted  to  be  targvlydue  toEklward  Hart^OSGi-  ), 
who  fillfl  the  chair  of  chemistry  iD  Lafiiyettc  Collifp-. 

Eben  Norton  Uonford  (1818-93}  made  diatin«t  eontrihution.i  to  leelinieal 
eheniislry  iind  uinong  tlinte  may  be  mentioned  his  invention  ot  eondenaed  mUk. 
According  [o  Charleit  L.  Jackson.  Iw  originidly  prepuntl  ibat  moxt  valiutb]« 
article  of  food  for  use  in  Dr.  Kane's  Arctic  expedition  and  nftcrwufil.'  prrac-ntcd 
the  process  to  one  of  hid  asistanta,  who  then  sold  it  to  Unit  IJonlcn.  Uin  iiDnic, 
howevrr,  in  more  eoniiiinnly  as»»-int^(l  with  his  invention  of  a  phmphnttc  yraat 
powder,  thr  object  of  which  in  to  return  to  the  hrriul  the  phosphntea  lo>t  in  bolting 
t}i0  Hour,  and  which,  as  ia  well  known,  form  such  an  ewential  conslitueiil  of  the 
food  of  animals.     He  alto  devised  "a  marvelotwly compact  and  liRht  marching 

'  A  aketch  of  his  career  by  Palterson  D»  Iloiit  wm  preaented  before  tlie  Anieri- 
»'ttn  I'hiloanphiral  Soi-ioty  on  Uct^ilwr  5.  1SK8.  and  naa  aiiiw  liwn  twuod  in  a 
paniplilct  of^cight  pnges. 

'  Juiirjut}  oj  Ihe  Franklin  Imtifuif,  vol,  CLVIl,  n.  365.  190-t, 

'  See  Orii/inat  Ihiearchen  in  Minrmloffy  and  CAtntrUlry,  by  J,  Lawreoee  tlmith 
(l«uL»ville,  Keiituclty,  ISfH),  p.  xxxviii. 

'  i^nce  this  address  was  written  I  have  tenmcd  that  ctriiit  v  due  to  ProffMor 
Hart  for  a  complete  proceea  for  the  moQufacturc  of  nitric  acid  from  Cliili  »a!t- 
peter, by  meant)  of  which  it  iepiXHiblctodintill  the  add  conlinumwlv  and  to  make 
ilol  any  nirenKth  nnd  any  deRfw  of  purity.  Tliis  (iroM^a  la  not  only  ased  liy  Ihe 
Baker  am!  .AdnmBon  ('(impany  but  oIbo  by  a  number  of  powder  concern*  hotli  in 
Ihi-H  country  and  ubroiid.  Profcseor  Hart  is  also  the  inventor  of  a  complete  pro- 
ei-jB  tor  the  mnnufnciure  of  hydroctdoric  acid  which  ia  lieinfc  used  in  Ksuton .  I  )ne 
of  hia  eK-rlieet  putcmbi  was  for  the  manufacture  of  a  pure  hydroKuorie  add  nhich 
lie  put  on  l)ie  niarket  in  a  containiT,  for  which  he  received  the  John  Scott  tegncy 
racoal  and  premium  of  the  Frankllo  Instituif  in  Philadelphia. 
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T&tion  of  compimod  beef  ftml  imrclwd  wlKAt-Krita,"  which  found  nmn  ou  M  tli 
tixao  of  tlie  Civil  War,  Mid  hiH  nnmn  iit  *Jk>  altkclind  to  the  prvptuation  of  "  acid 
pbcaphalc,"  so  commonly  iiaed  with  Mumiiier  hcvernim.' 

Tbe  development  o(  Hie  m'mnTal  rMourCM  of  our  countiy  hu  hettt  dti^  W)i«l>' 
to  those  nlto  Uutn  tlii>ir  kooirlcdl^  of  ctiemittTy  were  itt>1«  to  treofftiiM!  thi;  «>«ib> 
mercial  value  of  the  natural  depooits  in  the  vicinity  of  their  boniM.  Tltis  hss  t>een 
cooaplcuouflly  tlio  caic  with  tlie  gxvat  furtjliier  industry  of  the  South,  uid  wtp^ 
ciaUy  so  in  South  Carolina,  when  thi^  aanuv  of  CIiotIob  Upham  Stirpard  (18(H- 
86)  tad  St.  JulicD  Kav-cn«l  (1810-&2)  arc  nco^zfid  u  tho«e  of  piotu«ra  in  tlui 
importuDt  bnuioh  of  cberakaJ  iiiduntry. 

To  quot4)  from  SUUnuti  agUD.  and  hn  Is  always  an  acceptable  authority,  "  No 
obrnrvntion  or  on^iid  research  of  Dr.  Sbepard  liM  been  fruitful  of  tio  inucb  good 
in  it<i  coiuKiqumuv  un  hin  liiaconry  of  tbe  dcposita  of  phcMplmU'  of  hra«  in  the 
Eoe«n«  mar!  of  South  Cnrolltui  and  tbr  didtiBt't  n>m^ltion  of  tt»  great  volw  for 
o^culturc."  '  It  urAB  Dr.  Kavcnol,  bowcrcr,  nrhoon  cxpcrimcnta  mndi.-  It  poosible 
to  Irnimfonn  tlivm  plio«phat«  nx:lu  into  oommtrciid  t^rtilinnit,  and  of  lum  tin 
younfi^r  Sh«pnrd  wroto  in  18S2:  "  W«U  miitht  tlii*  community  tyivct  a  public 
moDtiracni  in  honor  of  the  man  to  whooa  prtrf^mincntly  w  due  the  innitxurnfoM)  of 
tlinl  phospliAtp  induirtry  nhirh  htx  proven  of  such  tnculculahlp  miIuo  to  ouiwlvn 
and  others.  As  the  statue  of  ItcTKeliiis  adorns  beautiful  Sttickholm,  l«t  us  com- 
mcniaratc  (similarly]  the  founder  of  Charlefton'a  grealMt  industry."  It  otay  b« 
added  that  !>('•  ItavrntI  difTerrd  from  thu  Ek«;ricultural  oheouets  of  hi»  tim*  in 
devoting  greater  attention  to  the  phygiolrjgicol  pha«w  of  the  sppliwition  of  ter- 
lillBerB  to  plants  than  to  the  more  chemistry  of  the  subject;  tliia  viss  naturally 
duo  to  his  e^rly  training  In  mMlionr.' 

It  would  lead  me  too  far  from  chtmislry.  perhaps,  to  discuaa  the  work  of  tht 
youn^r  Shrpanl  {IS42-  )  in  suecnafiilly  iutroduoiiig  t«a  rallure  into  the 
UnitLsl  States,  hut  Ilia  farm  iu  Sumiiierville,  South  CaioUna,  is  a  moDunteDt  to 
the  appliciition  of  hia  eJiemical  Iciuinlt'dKu  to  a  ot^w  industry,  and  well  may  his  fel- 
low counlryuien  bo  proud  of  the  reaulta. 

It  ia  dminibli;  to  nii-titioii  at  thin  plan-  the  n^ronrknblc  snoccasn  acliievvd  by  a 
«mnU  liAmI  of  ehi-miat*  who  «p*nt  the  four  yejuw  of  our  Civil  Wur  in  their  aouth- 
land-  (.IcorKP  Waahington  iUince  (1817-9S).  John  !.«  Cuntc  (1S18-9I),  JoHpb 
Lv  Conte  [IK23-91],  and  John  H'illifun  Utdlett  (1832-  ]  an>  nmoni  tho  ninnr 
conspictioua  numni  tluit  ncciir  to  tnn.  It  wna  Rainrii  who  crretcd  nt  Aiiguxta, 
Georgia,  thi:  Oiufcdcrato  powdci^works,  which  at  the  dose  of  the  war  were  re- 
gardf^  "  n&  aiuonK  tlio  bt«t  in  the  world."* 

The  Confedonit*  Govcmment  n-ppoinled  John  Le  Cont«  lo  tlio  superintend- 
ency  of  the  oxtensive  niter-works  established  in  Columbia,  South  Carolina, 
wliich  plnre  he  rutained  during  tliH  wur,'  Joaeph  Le  Contc,  a  youii^r  brother, 
served  us  clu'ciif  I  to  the  Confederate^  luburalory  for  the  mimufaclurw  of  medidnos 
in  I862-G3.  and  also  in  a  similar  rapaoity  to  the  niter  and  tnioing  btuvau  In 
1664-6S.     ProfMsor  Mallett  was  in  charge  of  the  ordnance  bureau  of  the  Con- 

'  A  sketch  of  Itia  corner  pivpared  by  Charics  L.  Jackson  appMLrcd  in  ths  PrO' 
cefdingg  of  the  Amrricnri  Arademy  of  Xrta  and  8cicuc<^,  vol.  xxvui,  p.  34,  IDOSI. 

•  Amtriean  Chrmi»t,  vol.  v.  p,  06,  1874. 

'  Two  ]n«inoriid  piiiiiphlet*  of  Dr.  Itavenel  hai'e  beem  published.  One,  entitled 
InU«mcrriarn,lit.  JuHcn  liaivnct,  M-D.  (Onp.),  Un  reprint  of  an  editorial  from  tbe 
Cli&rlcotou  A'oi'»  (iTui  Courier  of  Marcli  16.  18S3.  The  other,  entitled  Or,  5*. 
Julien  Bavenei.  \a  a  nu-innrial  puhh^lird  by  the  AKricullural  ijoacty  of  South 
Carolina,  Charleston  (54  pp.). 

'  He  puMishid  In  pamphlftt  form  a  HuUiry  oj  the  ConjedntOe  Po»ltr  Work* 
(Auffusla.  IKSa). 

'  Bioamphicai  Utmoiri,  National  Academy  of  Bciencu,  voL  nt.  p.  360. 
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Mflnte  Slales.icning  with  the  r&nk  of  colonel.  Hclui»d»crit)tclfai>tc:(|xrk-uc« 
undrr  the  title  Appliat  ChemiMtry  in  0te  ihuth  during  fA«  Civil  War,'  whicb  lia 
him  delivered  aa  h  lecture  before  Tkrioua  ohenicaJ  MdetiM. 

A  history  of  the  manufacture  of  esplosivM  ia  thia  country  would  enrry  ui  twr 
iuto  tbe  paat,  (or  tliu  oldest  of  tLc  atUl  rxistiDtc  (towder-milU  nas  <^»tal>lislied  HI 
lft02  by  ElimiUin  Iivric  JJu  Pout  ajid  tlw  name  of  Du  Pont  it  »ti!l  liononibly 
aamxlalfd  with  tlui  industry,  for  so  ruo-ntly  as  1893  two  o(  that  niune  received 
n  patent  for  n  HmokelcsH  powder  vrhioh  b  uow  krgi-ly  miide  at  work*  near  Wil- 
miiijEUiiii.  iJrlttwurp, 

During  th.'vrar«IHfl2-«4.Iiobprt.OgdM>DonMniu.082VI906)  developed  the  UM 
of  compnwctl  |piuiulal«d  c^ipo'^tli-'r,  whicli  wbb  ftdopt«d  by  tlie  Frwcli  Qovem- 
raent.  It  wax  conceminK  this  invtntor  thut  Sir  FnHlpjiclc  A.  Abvl  Ui  1890,  In  hiB 
retiHuf  additm  l^foriD  thr  Dritixb  Awociittion,  ntid  that  Doreniiu  "  hnd  prupoeed 
the  unploymcnt  in  heavy  euna  of  dinrsm  oaneislinic  o(  lunce  pirllels  in  prianiAtic 
foim."  ChAr)#«  IiIdwATd  Mtinrw  (IMS-  )  niiMt  hn  meognlird  iw  tht>  first  in  thn 
world  to  prepnre  "a  Rtnokclna  powdnr  tlint  conaintiHl  of  u  bihk''*  aubatuuoc  iii 
•  State  of  chemical  purity."  Tliie  explwit-e,  wliicli  Im  invuntrd  wIiiIp  (rhi.-i[mt  &t 
th«  United  Statt'S  Turptdo  Station,  Ithodn  lilnnd,  nnd  which  liccunic  known  aa 
tbe  "naval  smokeleas  powder,"  was  rrfcrrcd  to  hy  Stcnctary  of  War  Tiucy,  in 
]St)3,  as  presenting  "  reeiilta  ooneidenbly  in  iidvance  of  thooe  luthcrto  obtuined 
in  foreign  couiitriiv*."  ' 

Of  later  devdopiuent  b  the  Bemadou  powder  invented  by  John  iJaplisi*-  Bct* 
uadou  {I85S-  ),  of  tlic  United  Statiie  Nuvy,  und  which  it  '»  cUinitMl  lian  be«n 
adopted  fur  utv  iit  Uit:  lUtviU  linuicfa  vf  the  service. 

\o  contribution  to  the  history  of  ti^ehnicol  diomistry  in  the  United  Sutes 
would  be  coiiiplrLp  witbout  some  ivferfiice  to  the  devetupment  of  cotd-oil  and 
petrokum.  It  ^cin^  Hlnimt  impossible  tti  nAlix-  that  scarcely  haU  a  centiu-y  ago 
the  only  use  of  iK-trolr-mn  wns  as  a  cure  (or  rhrmiiatiiua  uiuler  tin-  name  of  SeoeOft 
oil.  riic  coniiiicrciiU  exploitation  of  this  tmporliuit  iUuinitiaot  t»,  of  coiirve,  largely 
dui-  to  tlio  Stiuidnrd  Uil  LVimpuriy,  aiid  to  thr  expert  clicmiiitti  In  their  employ 
crpdit  nhould  be  given  for  the  production  of  the  many  bvautiful  by-producia  that 
nrr  now  rnndc.  A  full  ilc^cnption  of  tliesc,  with  pniprr  ref'-rrnci;  to  the  clii-mist  to 
whom  we  ttrv  iiiri^hted  for  thi.-in,  would,  indeed,  be  vnhialJe,  but  even  (or  astmplii 
vRumcrntion  of  the  products  in  tabulnr  fomt  Riving  their  inuucdiutc  oi^in  I  uiiiist 
refer  you  to  the  lext-l«xiV»  on  indiirtrial  chpiimtrj'.' 

One  of  the  niout  interi^ting  of  thi«e  mtuiy  conipoands  is  vnseline,  nKoM-  uac  m 
pharmacy  ia  ao  pivvalcnt.  It  was  invented  in  1870  b>-  Robert  Augiixtus  Chee- 
borouiEh  (1837-  ).  Charles  Frederick  Wabery  (IS50-  )  hn*  bwn  mi  iinlr(«tl(t- 
»l>le  worker  in  the  (UeorvlJcAl  hrandi  of  the  subject,  e»peeially  on  the  oonipo«i- 
tiOD  of  petroleum, in  the  atudy  of  which  he  has  been  aided  witb|[riuit«  from  tha 
C.  M.  Wiim.-ii  Pimd  for  Oieiniml  Ruiearch  of  the  American  Academy  of  Artu  and 
Sciences.  Stephen  Punmia  Pi-ckhom  [183l>-  )  hu  been  a  prolific  contributor  to 
the  literature  of  the  t^elmology  of  the  tubjoct.  and  his  report  on  petrolettin, 
prcparedfortlif  TeiithCpiiBusOiVaBhingtou.1880).  Is  standard  snilVicrity.  Another 
clieinist  who  lioa  studied  petroleum  both  in  the  laboratory  and  from  a  comniBP- 
ciol  point  of  view  as  well  is  Somuol  Philip  Sudtler  (1847—    ).    ilia  /nduifriat 

'  Aa  ntietrnct  of  this  pnprir,  with  tin*  title  Induttrial  Chftnutrv  in  Ihr  SifilJi 
darina  tkf  Civil  War,  is  eontoinrd  in  tlm  Uritnlifif  A  m^rioin  (or  July  26,  1!>')3. 

'  The  hiatorv  of  tlm  Ittwlapfnmt  iif  SmukrUra  Pntcdfru  wu*  the  wubject «(  Dr. 
MunrcH-'n  pi-iuidi'ittial  addrens  l)eforo  the  Washington  .Section  of  the  American 
Chemici'l  ■^(■fiptv  in  189li.  See  Journal  of  the  .imcrican  C'hrmtoof  Soritly,  vtA, 
xvju.  ]<    M-i    i^^lB, 

■  Sci  I  i'>rr"Jhreilro//n/(us(rM/<?A«mui(ry,  Mr  Hamuel  P-SadtlerCPhiladdphia, 
IHfOO).  p.  ai. 
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Organic  Chanittry  (Pliilatlclphia,  IINX))  givea  a  very  Miaftctory  lUmy  o(  Die 
Mihject  witb  an  kdiniraklc  bibHosraphy.  Amons  the  younger  men  I  leun  that 
Willitun  Cstlicart  Day  (1857-1905)  luu  sucoMded  by  MnyiDK  out  operalioos  of 
(liHtillatiuti  Bt  tlw  itrdinAt^  fttino«phoric  pnatun  upon  aRimid  lud  vegetable 
tnnttor,  botb  Mpnratol)-  and  Ribcrd,  in  obtaiiung  tbrMi  difTorcni  materub,  all  of 
which  prcatuit  in  dilTcrviit  deRivcti  tliv  propcrtice  chiusrtcmtic  of  anphaltt.' 

An  <-nrly  worker  in  the  ariontific!  piui  of  thl*  Mibjoct  wu  Cyru*  ilon  Worrtu 
(1824-Bl),  whoMC  original  raMnichcn  on  tbc  volatile  hydroeorboiu  and  >iiuiUr 
bodiM  iewilt«d  in  nmny  pnicticsl  npjilicatkiiut  in  th«  um  of  coatter  aiid  atpliatt. 
mpcctnlly  tar  rrmlinc  and  paTin(^  purpoaco.  ClilTonl  Richard»(m  (INMV-  )  Kaa  in 
reomit  ytnn  devoted  mucli  attcDtioD  to  the  Ktudy  ol  ospbalt  and  ia  nt  rccoKnisrd 
autbority  on  it«  v&lue  for  commcnntvl  piirposos. 

I  CMinnt  dnim  for  tiic  IJnitod  3talo«  the  iiiviMition  of  iUuntinntJng  gnu,  Althoa|tti 
BS  early  sa  1823  ita  maQufacture  was  begun  in  New  York  (^ty,  but  tlip  develop* 
ment  of  Ilia  production  of  a  luTiiinoiu  wat«r-(cas  was  larici*ly  sccninpl»liod  ta  tliia 
country.  According  to  excellent  authority,*  Tbaddeua  3-  C.  Lovfv  (1832-  )  built 
and  BUcreesfully  ooitducted  gas-worka  in  Phisnucville,  Pennsylvania,  in  1874. 
produritiK  n  ivutur-giu  "  far  HUpenor  to  tliat  made  from  oobI."  According  to  VH. 
Cliaiidler  "tliBre  aw  forty  or  fifty  differing  fonna  of  apparatus  for  manufactur- 
ing [w«t<-r-gaal,  but  tlicy  nrv  aloicnt  without  exctpliou  applications  of  tin? 
invcntlou  of  Ttiudduus  Lowe."  * 

Tluw)!  of  UN  wtirat!  niumnrim  oxtend  back  for  a  quarter  of  a  ccotur?'  may  recall 
Tm«ie  dn  Motny  (1819-SO),  whose  ugrccabtcpcnuMiulitycliiuTOH)  all  of  tlio«e  who 
vrrrc  au  fortunate  no  to  mcot  bin) ,  and  to  bim  is  due  the  production  of  WBl«r-gaa  in 
the  late  Mv«oti»e  of  the  Inst  cmtury  by  a  procoM  of  hi*  own  inrenlion  in  N«w 
Vorlt  City.* 

A  niuch-nc«ded  aul}etitut«  for  ivory  and  horn  that  rould  I>e  prodiicKl  ocononi- 
Ically  waa  Inv-jnt^d  in  tStW  by  John  W«ley  Hyatt  (1837-  )  nnd  cnllcd  by  him 
celluloid,  It  in  BO  seldom  that  foreign  recognition  is  unqualifiedly  given  to  our 
American  in vrn tore  I liut  I  auiglud  of  the  opportunity  to ')uot«  Thorpe,*  whoaays, 
concerning  celluloid,  tliHrt  it  "  iit  an  iiitimflte  inixtiitv  of  pyroxylin  (guneotton  or 
ooDodbn)  with  camphor,  Qivt  made  by  Hyatt  of  Newark.  U.  S..  and  obtaioMl  by 
addtng  ibe  pyroxylin  to  melted  campbor  .  .  .  arid  evaporallnj  to  dryoMe."  Its 
many  appllciilLonn  in  various  IndiiHlriea  arc  ao  well  known  aa  to  need  no  further 
mention  liere. 

It  should  not  iMforguttea  tliat  aoochtLriu,  a  tutd-lar  compound  with  a  swMtea- 
Ing  power  of  about  Svu  hun<)i«(i  times  tluit  of  citn»-Hugiir.  although  now  raann- 
focturcd  chiefly  ia  Goimaoy.  wjut  di»covcred  in  IS70  in  the  lalxMutory  of  the  Johna 
Hopkinnl'iiivfnity  byCorutantin  Fahlbcuc.iHuili-nt  under  Ira  Ramsen  {184(^  ) 
and  th(^  Socii>ty  of  Chcmieal  Induxtry  in  IWM  crowned  RsRusn's  work  by  eonfer- 
riDR  upun  him  the  ritPiJal  of  thi?  locii^ty,  mcoftnixiof;  thus  tor  (be  first  time  In  lt« 
hi»tor)'  tli«  diMOveries  of  lui  Airit^ricwi  clwmist. 


I  Journal  t>l  the  Franklin  Irutihilr.  Sentambor.  168D.  p.  205. 

'  Siv  B  Comm-unication  on  llie  Lnuv.  (Mf  PTMMt,  New  Votlc  (May.  1S76).  and 
A  Communication  on  the  Lmrt  and  Strong  Co*  Prittmt*  of  Iat«r  dut*  (probable 
1878>,  and  also  The  ChmUlry  u/  r,a»- Lighting,  by  C.  F.aiandlcr  (iniilad^ilphia, 
1876),  a  nrprint  from  tbt-  .'Imfi-tmn  Chmiit  for  January  and  Frbtuarv.  1870. 
Tlicn?  it  also  n  panipblpt  nport  on  thr  UUfary  anil  Valuial  ll'ti/rMtiw  tywme* 
(New  Vorl;,  I  Wi),  by  John  Tompv  nnd  Curl  f^ciiulli,  which  Kivn  a  lirirf  nummary 
of  Inline  Hixtv  nnt/'rU  on  thf  i(ub)oct. 

'  Jotimal  o;  thf  Snciflu  6j  Chemieal  }nd<i»try,  vol.  xnt.  p.  613.  IIWO.  whet^  alsn 
excrlteut  doicriptioiiH  i>f  botli  till- Lowi' and  tlteUotar  prooeaawi  org  to  tie  found, 

'  See  eketdi  of  C>  priL-ii  M  Ti^^iw  dn  Motay  by  A.  J.  Roari  In  the  Jottmal  u} 
Aimrriam  Chrtniail  'S'Hiftjt.  vol.  n,  p.  3CII>,  ISAO. 

•  OktioTtary  of  Applied  Chtmittry,  vol.  i,  p.  \Mi,  I99J. 
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I  of  technical  cbiMaiHtr^  uo  Americoii  )uih  vvlt  acliirvt^d  greater 
p thu  Bamiltou  VoungOubuT  (l>AS-99),  luid  tli<-  t>p()ortuRity  of  prcnent- 
iiig  a  l>ri(-f  Buitunary  of  hw  bnUuuit  invftDtions  is  a  plciunirc  tli-it  I  gladly  w«>1coiiie. 
Hia  fint  iiivvution  iras  ■  continuoua  prooeatfortliviuuuuravtuicuf  Ixiucchsr- 
CDoJ.  but  thin  foilod  of  i<oininciiciiU  *ii(!ogh,  a]th>Dugh  Hcinntiliciiliy  of  niiicli  itiU^ 
t*t,aadhe  bben  turned  his  attention  to  the  stutly  of  an  improved  method  for  the 
ptoduction  of  alumuiiiim.  To  ncooinplish  this  it  WBa  nixeauxy  to  produce  nodiiiiii 
Moooinically.  and  thia  hv  sucoMdcd  in  iloingby  iMtngou-bideof  ironiwa  ntdiioinjt 
■gont.  ^Vhr■n  he  begun  tlus  now  historic  riMOnrch  the  mitrkvtpriccof  ftlumiititim 
wu  t)0  n  pound,  uid  wbcn  his  prooME  wu  roinp]«bed  h«  was  BbJG  to  manufnctiirp 
Aluminium  »l  abnitt  one  doUur  a  pound.  "  This,"  »&ye  Dr.  Chandlor,  "  nvolntion- 
iicd  the  whole  industry  and  oluouDium  could  be  now  uaed  for  a  hundred  different 
purposiM."  In  liu)  retiring  addreA  befotv  tlw  Bntiab  AatiuciAtion  in  1890,  Sir  Fred- 
crick  A.  Abel  said:  "T)k  aucMW  wlilcb  has  eu1miuat«d  in  the  admirable  C^astner 
prooen  ccnstitutcM  one  of  the  inon.  liitereMing  of  Kcunt  Ulustrntiom  of  IJie  progress 
made  in  teebuical  cbeinictry." 

Bui  Ibere  irtn  otiicr  unctt  for  whicli  nudiiiin  ruuld  tw  cmplojred,  luid  m  )ie  in- 
vented D  pn>ci.'M«  for  convnrtinji  m^lAlhc  Kodium  into  nodium  pnwxida.  Then  ciuno 
tbenufQ^stiuD  tltnt  vnib  cheap nodium  pun:  oynnidmcnulil  l>c  praihicrcd,  nod  aa  hf 
[Dodilii*d  liJK  iimcitw  ko  an  to  nioniifnctuTf  pure  cyttnidra.  psi>cci»lly  tbo  potwnium 
nndeodiuDi  cvnnidc*,  enormous  quiuilitiritof  vbich  wvr«i  ui>m>cI  for  the  oxtmrl.inn  of 
gold  from  low-Krodo  once.  Ills  actl^-c  mind  was  ovnr  busy  <mth  ncTr  eolutioos 
o(  chpmie&l  problcmtf,  and  stibeequent  to  the  invention  of  electrolytic  procMwe  for 
the  redni^tion  of  ftluniinnim,  Cuetnor  concentrated  bla  attf-ntion  on  the  originnJ 
tnethodf  used  by  Sir  tlunipliry  Duvy.  and  overcoming  tlie  dit]i(!u[ties  eacountered 
by  thatKreat  cheniist  he  booh  d<^ vised  un  electric  pnxvet  of  remaricableainipliciCj' 
for  obtaining  metaUic  eodiiuu  froin  caiulic  aodi*  by  olcctrotyais.  Hisanbition  vas 
not  yet  satistii'd  and  he  added  to  hia  trilBnpha  b  bejiutKut  method  for  the  electR>- 
lyHLg  of  conirrioii  suit  '  n-ilh  the  produotiou  of  caiutic  soda  luid  Meticliing  powder. 
Thus  Cafitner  invented  "  Hie  fimt  procew  which  could  be  said  to  be  a  complete 
Buccesa  for  accompliBhirig  wbnt  Frcneh.Gecnuui,  EDglu>b,imd  Anierietm clieniiete 
hiulbeeu«rorlciui;-atrorahuudn-dyeare."  Again  to  quot«  Cbuidler:  *"  He  never 
worked  on  n  chumicid  pnMiow  thut  he  did  nut  Invent  n  IwtUir  one  to  accomplish 
tlicsanip  miult." 

The  itil\-rr  nietiU  wid  tlic  whii*-  co'st^'Sp  P"re  and  licixitifid,  the  nuniltfl  of  lib 
many  hour*  of  ditudy  nnd  mt^carch,  will  nlivikys  prT««r\T  in  tho  litorntuTD  of  cltem- 
JBlry  thc!  iiirrmory  of  hijn  of  whom  it  if  surely  not  loo  much  to  uny  tlutt  he  wna  tlie 
UKwt  eminent  of  American  inventore  in  chemical  tochnolppy  in  recent  tinn*. 

Wbiln  Crwlner  was  studying  the  problem  of  preparing  nliuninium  byrliewicnl 
motliodii  Charles  Martin  Hall  (1803-  ).  a  student  in  Obcrbn  College,  concn^'cd  the 
plan  of  extracting  aluminium  by  eluvtrolyulii  and  he  found  that  a  melted  bftth  of 
the  double  fliiorides  of  aJutniuiutn  and  mvtals  more  electro-poeitive  tbiui  nliunln- 
liun.  such  as  sodium  or  calcium.  wa«  a  perfeet  solvent  for  aluminiR.  and  from  such 
a  solution  he  wiu  iible  to  M'piirutc  tlie  aluiiiiuiuni  by  iiieuuii  of  tli6  electjie current. 
It  is  by  thia  pmcKM  thnl  all  of  the  aluniinium  of  couitii'Crct]  it)  ptoduflud  to^ay. 

Moiewui,  wluMH)  extended  rweftrehm  witli  the  eleetrie  furnace  hove  made  his 
name  juatiy  fntnous,  writrai;   "  Ths  discovery  of  cryrtallijic  carbon  Billcide  belongs 

'  CIutIm  J.  Pftntone  Uoumalo'f  the  American  Ch(rrtiiralSi>fifty,y6i.xx,  p.HW, 
1MB)  Kivee  Enicnt  A.  l.e  Smur  credit  for"!!]!-  distinction  of  having  taventcd  the 
flnt  electrolytic  procMH  for  the  commercial  decomposition  of  so^uin  chloride, 
which  be-can'i''  a  n-cular  contributor  to  the  tnarkitts  of  ttic-  world," 

'  See  the  Vftvnl-inu  oj  a  Hrjintr-  Tablft  in  Sim-rmr\iir  Unit  to  Ou  Afttnoryhl 
}lamiUtn  i'miiijj  (Utftnfr.  Uewndier  16.  1802,  SeSooloj  AtinrtQtuarterl^,  vol.  XX», 
p.  204,  Jtwuiuy,  1904. 
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to  AclHMon."  '  Thidr<imArkal)l«itbTA«ive,  prepared  by  he»tiiig&ni!xtur«of  sLUcn, 
coke,  tilumiuiit,  mid  aodium  cliloride  in  an  electric  (unuuie,  wu  iuvcnled  in  IS90 
by  Edwsnl  Goodncb  Achuton  (1856-  )  while  expenmenting  Tor  tbc  nni&cial  pn- 
ductiun  of  tlJAiiKMid*,  Mad  t>  one  of  tlie  inonjr  benutiful  [irDiJucta  oblmncd  nt 
Kiufum  VuiU.  whi-n  qiiiU^  n  numlwr  ni  clvwiiral  miiQufnclurrni  Unvn  mUblislMd 
ttirir  pliuiU  in  order  to  take  lulvtuitnflc  of  the  power  obtnini^d  from  th*  p*at 
H-atcrfall.  Mr.  Achcooo  hu  also  succeeded  in  prcpAria):  nrtiScioJ  gniphitc  m  »  by- 
product in  tlie  maniifacturo  of  the  carborundum,  and  ho  d&iiD<  tlut  it  u  tb« 
nwult  of  th*  de com  position  of  tlie  c»rl'ide  fomnKl  in  tliat  procea*.' 

AlUiougb  the  existence  of  calcium  coxbidc  hna  bceo  recogiiii^  tiwr  once  ita 
origiiuJ  production  in  1857  by  Edmund  Davy,  WShler.and  Bertbulot,  It  woa  not 
until  Muy,  1892,  tliat  Ibi  commercial  production  becaniu  luiowi)  \a  con««queDoe 
of  ltd  chiuiK  (li.-tcovcry  by  ThomoH  Lwipold  Willson  11S6U-  )  ndiile  vxperimttit- 
inK  in  Spmy.  North  Carolina.  He  obtained  it  by  thu  fiuiou  ouil  rviluclion  in  an 
electric  fiirnorv  of  a  miKture  of  liuely  poirdond  and  iiitimnti'ly  iiii\rd  Lime  and 
cnkr.  Wliivn  it  romc-gi  in  cnntiuTt  with  water,  dnrmmpoaition  ctwu»i,  with  tbo  pro- 
duction of  acetylene  ica«.  on  iiluminont  of  ntmorkablc  power.  Thia  rnluabic  coin- 
pouitd  10  nldu  iDKntifactiirpd  nt  NinKsra  KolU. 

Another  vnhuibto  npplication  of  the  high  tvmpnrattlroi  obtained  by  this  clotftric 
furnace  to  substances  from  which  the  extnction  of  the  niclul  was  formerly  con- 
oidered  impoauble  is  the  method  pHtent«<d  in  November,  1003,  by  Kmnk  Jrrotne 
Tone  (18t*8-  ),  of  Niagara  Falls.  New  york,  ior  obtiuniog  metallic  silicon  by 
redueic^  silica  with  carbon  in  an  electric  furnace  of  his  own  construction. 

Of  lirval  vuluL'  in  tbo  pluboniUi  bulletin  '  uu  Chemicalt  and  Allied  Produtt* 
preparvil  (ur  the  Twelflb  Census  t>y  Charkiii  Edward  tlunroe.  already  mentioned, 
and  Tboniiia  Mnrcon  Chatn/d  (IMS-  ).  The  industrim  diacnHwd  arv  gruupod 
into  ainetMD  doase*  and  witli  encti  tha  diwuwion  is  introduced  by  a  hbtoty  of  the 
dnvelopuiont  of  tho  iBiuiufiiclure  in  thit  United  Stativ,  and  at  tbe  cloae  b  a  brief 
bibliogmpby.  The  volumo  includes  a  digest  of  United  6tat««  potcnta  relating  to 
the  cliruiicsl  indus^ca. 

Worthy  of  the  nuMt  disttnguistied  eonsideiration  is  the  career  of  Clioilet  Fred- 
crick  Ch.iJidtcT  (IftSS-).  This  eminent  rhenii»t  Iianitincc  I^tV4  taugbt  the  tediBlcol 
chemistry  in  the  Schools  of  Science  in  Columtiin  U ciivemty  and  no  record  of  iht 
development  of  clioiulstry  Bppllt)d  to  the  arts  in  the  United  Stat«a  would  be  eoot- 
pkic  iritbaut  mention  of  hla  work,  It  Is  true  that  no  great  invcntioa  boon  his 
name,  but  he  has  achieved  results  greater  than  in\-eiitions.  for  he  has  educated 
clii-iiilat«,  and  yet  ei-eu  iuotc  tlum  tliat  as  wi*  sliall  see.  Go  wliere  you  wUI  and  yon 
will  Qnd  busy  workers  in  sciencn  who  lia\'e  learned  from  Chandler  sonieltung  of 
that  itpleudid  pownr  of  applying  chemical  methods  to  the  Bubjvct  nt  hood  which 
has  lonx  (unce  tcnintHl  for  liiin  the  reputation  of  lieiug  the  fomuust  AtltlMuity  on 
technical  eh^miwtrj-  in  the  United  8tatM.  Wherever  gold  oridlTer  is  detenalBsd, 
the  little  Odtiny  tnn  weight*  —  thrir  eoncnption  was  n  stroke  of  f^niiM  —  claim 
liim  M  their  inventor.  The  brilliant  series  of  afticl<«  on  technical  chemistry  —  tho 


'  Tht-  EUetric  Fftmate  {Eoston.  IfltM).  p.  273. 

•  Jmirtutl  o/  fiir  iSoriXv  o/  Chrmiral  hniMtry,  vol.  xix,  p.  009,  1900, 


Crrmu  /JufMin,  no.  210.  4to,  30n  pn.  WashtsictOD.  June  2.'i,  19(0.  _ 

Much  credit  is  due  to  II.  M.  l*ierco  for  tin-  praci-«i  ori)nnnJly  invrntrd  by  him 
in  1876  and  sinoo  ^rontlv  improved  for  thr  rrcovrry  of  bv-produt-td  fnn'ii  the 
smoke  of  charcoal  kiliiH.  ftii-  Muiinx!,  Cnuiut  Bullttin.  no.  210,  and  Tfif  Kfinuim- 
ical  Prodiuiian  of  Cti/ire*>al  /or  litaxl-Ftiniitet  Pvrpo***,  by  O.  N,  I.andn.-th,  /*r*- 
cerdingm  of  ih*-  Arocriain  Association  for  the  Advancement  of  9ei«oov,  vol.  xavii, 
pp.  145-151,  1888. 

Acconlinx  to  Mnnroc  iCtnnu  B^tUdin,  no.  210,  p,  28)  the  Bmnmrlvnnia 
Salt  HAnufacturrnK('om[)nny  of  .\'atmna,  reniwylvauiD,  "wenntiiefint  to  manu- 
facture porous  oluDi." 
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lx»t  in  (he  EnKlilt))  tAosuage  —  that  ai^Mued  In  Joluison'a  Cydopedia  irere 
wriltMi  hv  him.  The  Aral  mimum  of  applied  ebeinutn'  in  the  t'nited  StsUs  when 
thr  «nidc  maic'riol  may  be  BtiKiiL>d  in  ita  course  of  <l«velopiiM!nt  to  «  finwhed 
pRxJuct  WM  cetpblixlMHl  liv  hini.  KlnwUrlv,  indcuKl.  vrttra  tlie  ptrnctical  cuntribti- 
tioiw  to  clirini*tnr  whirli  niarkp<l  the  yran  during  trhieli  tic  hnd  cluugo  of  tlio 
public  healtli  in  New  Vork  City,  Tticy  nwultcd  in  cnonnous  IxtnrJiW  to  the  rum* 
ruunity.  and  in  1883  it  vam  woll  *jud :  "Tliiir*  i«  no  otfiM  city  in  tlio  worlil  ivhich 
liut  BO  compIi>tv  n  xnnitArj' or^iiuiiiation  n*  Xnw  York  ;"  for  itll  nf  irhich  cirdit  ta 
due  to  ChandleT.'  ]i)  ifiS9  he  wu  rhomn  president  of  the  Society  of  CliemicaJ 
Industry,  il*  first  Ameticfui  upon  whom  llia.t  honor  wm  confcrnid,  and  a  year 
lam.  ou  June  18,  191X1,  in  the  lecture  tlicntre  of  the  Royal  Iiustilution  faunded 
by  Count  Riuufonl,  to  irhoin  refetvnce  hoe  already  been  made,  he  dclivMvd  his 
|nW0id«i(ti»l  addfwieon  "Chcmtrtfy  In  America,"  fn  tbeeounwi  of  which  he  ola- 
IsoTfttcd  auml  fully  the  avliievementa  of  thoM  who  have  dJitinguidlwd  themieK'eti 
in  that  branch  of  Bcit'iico  in  tlie  United  State*.* 

It  Lit  worth  ^v)li[c,  I  think,  to  intrtition  very  hrit^fly  throe  hrAnclm  of  our  iitil.iiintU 
gcivi-rnnii-tit  that  haws  hud  inuoh  to  do  with  llie  devctopmntt  of  ehcmicn]  t«chno- 
logy  in  tills  c«uiitr>'.  The  lint  of  IIh-bc  and  nbo  the  oldwt.  for  it  cvlcbmlud  ito 
wiiti-nnn'  '"  ]W)1.  in  the  piilctit  oHiw,*  nrlicfp  inwiitoni  rwriw  tbfl  protoctiOQ  of 
th*'  gravrm mcnt  for  l.hi>ir  disi^vprim.  By  tliuji  rrcopiiiting;  worthy  invMitiona  m 
valuAblc  dtimulus  w  fowv  to  invinition  which  has  not  b«cQ  without  value  to  the 
poram  unity.  Of  cxceptioiittl  inlonwt  tocli(<Ttii«t«ia  the  system  of  indexing  chemical 
literature  now  in  iwc  in  ilic  dftMification  divigioti  of  the  patent  office.* 

I  Kill  alio  call  your  attention  to  the  exoellent  work  done  in  the  Division  of  Hio- 
•ml  Raaoumain  the  U.  i^.  Oeolo^eal  Siirvi>y.  where  under  the  effioietit  direcUon 
of  David  Talbot  Day  (IS.'jO-  )  vaJunbje  information  and  aiatiaiics  are  gathered 
(Mncemiuc  native  raiiiemW  and  Ores  frum  wliieh  an  obtained  tlio  pmducta  of  no 
many  of  the  Icudicft  chcitiicol  prvccanea.* 

FiiiiUly  the  liun-HU  of  elieinl^try  nf  tlip  DepsHniont  nf  A|[rirulturc  hiu  bot'n  n 
potent  factor  in  the  development  of  chejnien]  induid^rini.  It  wns  that  burrnu  that 
iirvt  called  llie  attention  of  tli«  public  to  the  ponibiUty  of  eetatilishing  the  twet 
■uftar  industry  in  the  United  StattM.  A«  a  mitilt  of  tho  investigations  cnrriad  on 
by  chcmivta  in  thia  branch  of  the  jEOvcmment  service  the  avcra^  yiold  of  casft- 
fiii|[iir  to  tho  ton  in  the  iiUte  of  I^uisiana  has  been  increased  from  130  pounds  to 
170  pounclii.  In  the  examination  of  rood  materials  imporlant  eontributioiu  to 
technical  I'liemifltry  have  been  made  by  thin  bureau.  The  valuable  ttudies  on  the 
dietetic  value  of  foods  and  on  their  adu]t<.-nilioiu!,  eonduL-tt-d  uiiUer  the  direction 
of  Dr.  Harvey  Wm hi ngton  Wiley  {ls47-  >,  liave  uul  only  ilune  much  lowanlfl 
creatine  a  demand  for  thr>  enactment  of  national  legi.tlation  (or  pure  food,  hut  thoy 
have  also  beun  praisewortliy  ooutributianit  to  tlio  application  of  ohumiatry  to 
salutation.  This  bureau  abo  ahould  recelvs  ncosnllian  for  it«  fa«t«ring  influ^nca 
over  the  Asaoeialion  of  Officio!  A^eulturtJ  Cliraniata,  an  orsnnixntion  which  bait 
done  80  much  to  secure  uniform  mcthodi  of  unolyciitf  of  fcrtiliicn  and  of  food*. 


'  BfN)  the  •Iwtch  of  rtiarleR  Fredericfc  Chandler  by  the  pnwent  writer  In  the 
SciVnK^ /tmerican,  vol.  ucvii,  July  IB,  1SS7,  p.  3ft,  and  Prrndent  Chandier  and 
ih,-  .V^p  Y(,Tk  City  H«Mh  Drpartmrnt,  1880-1^,  in  the  Sanilorv  i'nffiwrr,  May 
17.  1883. 

'  Journal  ol  Sociefy  cj  Chmiful  Indvtlry,  vol.  xra.  p.  591,  19011. 

'  Patent  CenlfTtnial  Ctlebraticn.  1891:  Proceedingu  and  Addreata.  &S4  pp. 
(Wanhiiijrton.  1892}, 

'  Stir-  On  a  Syflem  i>J  Indriing  Chffniail  Jiiter^thiTt;  Adopttd  fcy  Iht  Clatsiflea- 
tion  tHviaion  of  thr  I'ntlrd  Rlalrs  Patrnt  Ojjlct,  by  E.  C,  Hill,  JournoJ  o/  (h<  Amtri- 
€1171  Cltemieat  Son'rfji,  vol.  xxii.  pp,  ■17.S— lOS,  1!)00;  nifKi  Sriitiiilie  AtTttrican,  vot. 
Lxxxvi,  June  14,  ISW,  p.  411. 

*  Be^nning  with  the  yt-or  18S2,  annual  roUlincs  of  the  Mineral  Kcsourna  of 
the  United  States  have  be«n  publiiUed. 
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To  Henry  Canington  Boltoii(1843-1903)i8due  tbe  credit  for  the  serieB  of  bibli- 
ographies of  the  literature  of  the  chemical  elements  that  have  been  published 
by  the  Smithsonian  Institution.  His  own  memory  will  always  be  worthily  pre- 
served by  the  splendid  BHAiograjihy  of  Chemistry  in  four  octavo  volumes,  an 
important  section  of  each  of  which  is  devoted  to  technical  chemistry. 

The  records  of  the  past  give  abundant  hope  for  the  future. 
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THE  RELATIONS  OF  AGRICULTURE  TO  OTHER  SCIENCES 


BY  CHARLES   WILLIAM   DABNBT 
[Charles  WUinm  Dalioey,  Pmidrnt.  Univonitjr  of  Cmcinaati.  b.  June  19,  1855, 


Stalio3i,  North  CaruliiLu;  Pnifoseor  of  Agrl^tuial  ChendBtiy  and  DitMlor  of 
Experiment  fetation.  Univenity  of  TeniUMee.  lS$7-90;  PiEBidunt.  UsivfraiO' 
of  Tenmeseee.  1S87-1904 ;  Aaialaat  Socretar\-  of  Agriculture.  J&1I4-117 ;  Prwident 
Suinm«r  .Si^hool  of  Soiitti.  Merabfr  of  ^whinjiton  Acadomy  of  Science: 
Soutlicrn  Education  Board;  Ainnricnn  Institute  of  Snc^inl  Snr.ncp;  Fi'Ilow  of 
Asufioui  AsKKintion  (or  ttie  Advn)ioeiiu>ut  of  Scienc^r,  cte.  Author  of  scientific 
aod  edunLtiuuul  pap^ni  in  pcrio<lic(UB  a»d  pAtuplUcta  tmd  luldrvwce  on  cducit- 
tional  subjects] 

The  subject  assigned  me  is  Agriculture  in  Relation  to  Science. 
For  thia  iiubject,  ulmoet  cosmicaj  in  its  v&stDBss,  I  offer  no  apology, 
but  usk  ynur  indulgence  while  I  attempt  to  point  out  a  few  of  the 
acliievements  of  the  new  agriculture  and  to  show  their  relation 
to  the  nctvuDcCTiicnt  of  civilization.  While  tho  progross  has  con- 
sisted partly  iu  o|)emi]g  up  such  lands  ae  are  not  highly  cultivated 
to  people  vho  can  cultivate  them,  its  chief  progress  has  been  in 
the  improvement  of  mau'^  methods  of  cultivating  the  soil  aud  of 
Ufling  plants  and  animals  to  support  liis  evoNincreasing  numbere. 
Since  population  is  increasing  rapidly  and  more  food  is  required 
each  year  to  support  the  life  of  the  people  born  into  the  world, 
unless  the  production  of  food  becomes  greater  in  proportion  to  the 
unit  mun  and  the  unit  acre,  starvation  a^'aila  the  raca.  In  IS99 
Sir  William  Crookes  argued  seriously,  before  a  meeting  of  the 
British  Association,  that  the  world's  wheat-^pply  lb  already  threat- 
ened by  the  failing  fertility  of  the  available  soil.  As  the  low  aver- 
age of  leas  than  thirteen  bushels  per  acre  meatu)  starvation  for  the 
rapidly  increasing  population  of  wheat^eaters,  when  he  found  the 
limit  of  a^'ailable  wheatrlands  nearly  reached,  he  saw  no  hope  for 
the  race  oxcvpt  by  iiicrca^inf;  the  fertility  of  the  soil. 

Man  ha.><,  however,  shown  a  wonderful  ability  to  utilize  *hc  different 
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food-materials  and  to  produce  increased  supplies  from  a  limiMfd  area 
when  lie  hii«  been  ponipellcd  to  do  tw.  Tlie  Harlemer  poldera  support 
nearly  two  and  a  half  persona  to  the  acre,  and  in  ponJons  nf  China 
and  Japan  five  or  six  persons  often  get  their  living  from  this  extent 
nf  Boil.  These  landH,  however,  are  exceptionally  fertile.  But  even  od 
an  average  aero  of  [and,  where  the  ordinary  farmer  would  make  only 
fivti  dollars'  worth  of  produce,  f;;ardeoen)  cim  eu^ily  make  five  hundred 
dollars'  worth.  For  these  and  many  other  reasons  we  cannot  be  very 
mtirh  nlariTicd  about  mere  food  for  the  race. 

It  la  a  narrow  view  of  agriculture,  however,  which  regarde  this 
great  art  only  as  a  meanB  of  providing  men  with  the  simplest  meuna  of 
exiKtenee.  We  are  ititereHted  in  the  progress  of  agriculture  not  only 
ae  the  means  of  supplying  the  food  uecessar)'  for  the  increasing 
pt'Oplos  of  the  earth,  but  as  the  art  which  chieBy  8up]>ort8  moa^ 
advancement  alon;;  all  lines,  intellectual,  moral,  and  spiritual^  as 
well  OS  physical.  "  Man  shall  not  live  by  breatl  alone."  It  is  s  con- 
dition of  civilisation  that  man  ie  not  satisfied  with  a  mere  aubsbt- 
ence,  but  that  his  wants  ineroaae  witii  his  developmeat.  The  niodorn 
man  is  not  satisfieil  with  the  simplest  food  or  the  plainest  raiment,  or 
the  barest  ehelter.  He  wants  attractive  and  deligiitful  food,  because 
such  food  promotes  health,  happiness,  and  the  development  of  his 
liner  nature.  Hence  there  have  been  developed  the  various  special 
branches  of  agriculture  and  horticulture  and  the  many  art«  of  milling, 
manufacture,  preparing,  and  preserving  the  products  of  the  soil  so  as 
to  make  food>iiulwtaiiecti  tempting  and  delicious,  as  well  as  conven- 
ient for  use.  Tlie  Atnerioan  people,  for  example,  owe  much  of  their 
sueeeM  as  purveyors  to  the  clover  methods  of  preparing  food-mate- 
riab  of  all  kinds,  uud  to  their  skill  and  taste  in  presenting  them  to  the 
public.  It  is  not  enough  that  quantity  alone  should  be  considered, 
for,  in  these  days,  (quality  plays  an  increa^nyly  important  part  in 
food-production.  Hence  thearts  of  producing  choice  meats,  "  liypenic 
milk,"  cereals  of  greater  food-value,  etc.,  which  arts  may  properly 
be  termed  the  "  higher  agriculture; "  hence  also  the  arts  of  pomology, 
viticulture,  etc.,  with  the  resultant  practical  arts  of  wine-making, 
canning,  aud  preserving,  which  may  be  properly  considered  as  a 
"higher  horticulture."  These  arte,  with  the  important  domestic  art 
of  cooking,  have  all  been  developed  in  response  to  man's  demand 
for  more  refined  and  delicious  fooil,  n  demand  which  is  certain  to 
grow  more  exacting  with  the  progress  of  civilization.  The  same  taw 
of  prognsra  chararteriites  our  demand  for  raiment  and  for  shelter. 
With  the  development  of  the  esthetic  sense  and  the  growth  of  truer 
ideas  of  hygiene  and  comfort,  the  demand  for  more  beautiful  clothing 
and  more  aanitury  houses  will  grow  steadily. 

But  this  is  not  all  that  can  be  said  about  the  higher  results  of  the 
new  agriculture.    Progress  in  agriculture  contributes  largely  to  the 
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iutellwtuiil,  moral,  and  Kpiritua)  development  of  a  people,  as  well  an 
to  their  physical  evolution.  Porha,ps  the  moet  encoura^iog  character- 
istic of  the  timcJ!  is  the  inipruwinont  in  farm-lifu  ia  respect  to  the 
mettiu  of  culture.  Formerly  the  isolation  and  loneliness  of  country 
life  was  the  chief  cause  of  that  exodus  from  countr>'  to  city  v/hkb 
until  rtKTvntiy  continued  to  dupoputate  our  rurid  uumnuinities.  It  is 
a  ead  fact  tliat  the  majority  of  the  intnatee  of  our  Jusane  afiyluim  in 
these  states  are  women,  n  large  per  cent  of  them  farmers'  wives,  seut 
to  the  hospitals  a«  a  result  of  melanclioly  induced  by  the  narrownesit 
l^and  monotony  of  their  lives.  But  now  aJl  theae  eonditioiw  are  im- 
proving- Tlio  connnJidatcd  Hchool  and  free  irun.<<portHtion  of  pupils 
is  fast  converting  the  little  "red  »choolhouse"  into  a  centre  of  vital 
community  life.  The  rural  free  delivery  of  mails  takes  not  only  the 
letters  of  friends,  but  the  daily  papers  and  illustrated  iiiaKasines. 
into  all  the  farm-homes;  the  telephone  makes  visiting  easy  for  lone- 
Bome  women;  and  the  traveling  library  stimulates  rajiny  to  improve 
their  minds,  who  would  otherwise  live  in  stupid  iKnoruufC.  Many  of 
the  features  which  formerly  made  farm-life  so  distasteful  and  narrow- 
ing, even  maddening  at  times,  are  thus  being  removed;  and  many  of 
the  advantages,  which  heretofore  could  be  had  only  in  the  city,  are 
being  put  within  the  rt-ach  of  those  who  spend  their  lives  on  the  farm. 
Every  one  concedes  in  a  general  way  that  the  prosperity  of  one 
dsas  diffuses  itself  throughout  the  whole  community;  but  good 
harvests  arc  far  more  valuable  and  important  tu  the  people  tlinn 
prosperity  anjTvhere  else.  .Agriculture  not  only  provides  food  and 
raw  inalerial  for  those  engaged  in  manufacture  and  commerce,  but 
good  harvests  increase  the  purchasing  power  of  the  larj;est  and  most 
intelligent  body  of  our  citizenship,  scattered  throughout  the  whole 
laud.  The  relutJon  of  the  farmer  to  the  merchant,  the  miner,  and  the 
manufacturer,  is  indeed  a  I'eciprocal  one.  Each  consumes  what  the 
other  produces.  In  the  circle  of  trade,  whatever  produces  a  demand 
at  any  one  point  accelerates  the  ammint  and  velocity  of  exchange  in 
all  directions.  Good  crops,  by  supplying  the  manufacturer,  mei-- 
chant,  and  miner  with  food  or  raw  nuiterials,  are,  the  world  over,  the 
chief  factor  in  profilable  exchange. 

But  abundant  hurv-csts  signify  even  more  than  thi«.  Every  series  of 
exchangee  must  have  a  beginning,  and  the  first  step  in  starting  the 
movement  of  products  must  be  taken  by  those  who  supply  the  ele- 
mentfiry  and  vital  wunl-s  of  the  raec.  The  miner  will  dig  no  ore,  the 
manufacturer  make  no  machinery,  the  merchant  store  no  goods,  until 
he  knows  or  thinks  he  knows  that  somebody  wants  these  things;  but 
the  farmer,  being  very  sure  that  everj-body  wants  food  at  all  tiroes,  is 
sure  to  plant  and  to  renp,  whether  there  is  an  exprcA<)c<l  demand  for 
hiK  produce  nr  not.  Tlie  nature  of  the  demand,  it  is  true,  will  decide 
for  him  which  &eed  he  should  sow  and  whether  on  one  or  two  acres; 


718 


AGRICULTURE 


but  sow  he  will,  as  surely  as  the  spring  comes;  and  when  he  sows,  he 
is  almost  certain  to  renp.  As  nature  does  more  work  for  the  farmer 
ihun  for  uny  uihcr  producer,  he  Hade  it  eoaJcr  to  turu  out  an  olouist 
regular  supply  of  bis  product-s.  The  sun  himself  ts  tlie  commander- 
iu-ehief  of  the  agricultuml  army.  The  changing  sciwons  order  the 
fnnncr's  ph>wing,  sowing,  and  reaping,  and  fundamentally  every 
series  of  humuD  exchanges  starts  with  thefwmer. 

Good  eropM  fire  alnnyc  and  everyuliore  makers  of  cnnd  times. 
Wliile  this  ]3  true  for  all  peopleii  and  all  lands,  it  is  particularly  true 
nf  Anioricn,  whicli  Frnm  natural  causett  ta  the  greatest  agricultUTBl 
enuntr}'  in  tlie  world.  Id  this  countr>'  a^culturut  prosperity  touches, 
and  for  a  long  time  to  come  will  continue  to  touch,  the  lives  and  in- 
teresttf  of  u  larger  proportion  of  the  people  tlinn  in  any  other  land. 
It  rausea  immediately  an  advance  in  the  standards  of  living  and 
a  brondeniiig  in  the  scope  of  the  demandsof  the  largest  miniberof 
intelligent,  prognwsive  people;  and  itproduecisahomeraarket  of  such 
t  remondom  proportions  nx  to  furnish  independently  of  foreign  nations 
a  sufficient  motive  for  the  clevelnpment  of  gigantic  manufactures 
and  enormous  trade.  Further  the  Ameripao  farmer  is  a  man  of  so 
mui-h  intelligence  Knd  &uch  large  wants  tbitt  his  standards  of  living 
increas*!  vet)'  rapidly  with  the  imi>rov«ment  of  hi»  finanrial  con- 
dititiD.  He  is  liheral  to  his  family,  amhtliou.t  for  his  children,  and  ho 
desires  nhove  everything  else  to  raise  their  standard  of  living  and  to 
increase  their  advtuilages  in  all  wave  beyond  those  which  he  himftelf 
enjoyed  in  his  youth. 

Another  eaUBe  of  the  grcttt  economic  influence  of  the  American 
farmer  is  found  in  the  fact  that  as  a  rule  he  owns  his  own  land.  In 
addition  to  the  profit  upon  his  labors  he  receives  the  rent  on  Iii»  land. 
This  not  only  puts  a  larger  .turn  at  htR  disposal,  hut  it  also  creates  a 
motive  for  adilitional  expenditure  for  improvements  and  equipmentn 
upon  that  land.  The  American  fanner,  moreover,  itcldom  hoards  his 
money,  but  promptly  expends  liis  surplus  for  improvements,  or  olao 
putsit  in  the  bank,  where  oth  era  cjin  use  it.  He  is,  all  things  considered, 
the  wisest  and  safest  investor  among  luj,  and  his  proaperily  is 
therefore  the  greatest  blessing  that  ean  possibly  come  to  the  nation. 
OiirconduKion  iitthuit  that  the  progress  of  agriculture  is  the  greatest 
practical  confNrn  of  riviliied  man,  and  espcfially  of  the  American. 

\Vc  h.ivc  found  that  the  problem  of  agriculture  is  to  produi'c  more 
and  better  supplies  for  the  support  of  human  life  under  coodittons 
that  will  enable  the  farmer  and  his  family,  and  with  them  the  people 
of  the  whole  ronntry,  to  live  the  happiest  and  most  complete  life 
possible,  a  life  which,  as  the  decades  and  centuries  pass,  shall  be  con- 
titsotly  cxpno'h'it^.  strengthening,  and  growing  deeper  and  richer. 
The  (iiiestinn,  then,  ia  "  Ilow.'th.tH  agripulturedo  thia?"  WTiat  pro»- 
pect  is  there  that  ihh  art  shall  be  able  to  supply  these  ever-increasing 
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demands,  not  merely  for  food  to  keep  the  body  alive,  but  for  all  tbe 
i«iaurcc»  ncodcd  to  support  n  lif«  growing  ever  more  true  and  bwu- 
ti/nl?  ^V^Ial  encouraKfment.  then,  cau  we  find  in  recent  progrws,  for 
believing  that  this  world-old  art  will  improve  with  the  years  and  the 
demands  of  the  ruce  7 

Tlie  improvement  of  agriculture  depends,  of  cnurse,  upon  tlie  aoil, 
iucludi&g  lociilioii  US  to  lutitude,  longitude,  climate,  etc.,  upon  the 
plHUtfi  and  animal!!  u^tMl;  but  most  of  all,  after  these  things  are  pro- 
vided, upon  the  fanner  and  his  methods.  The  most  we  can  do  here  is 
to  give  a  few  illustralions  of  the  advauccs  ouide  iu  reeout  yount  ia 
improving!  the  soil  and  increasing  its  fertility,  in  developing  plants, 
anil  in  training  the  farmer  himself  and  improving  his  methods.  We 
hoiK-  in  this  way  to  give  eome  idea  of  what  we  may  expect  to  accom- 
plish in  the  future  for  the  advancement  of  agriculture. 

Agriculture,  the  oldest  of  ihe  arts,  was  the  very  latest  to  apply  tlie 
dicicoverieii  of  science.  This  is  due  to  two  causes.  In  the  firet  pla«e, 
agrieulluro  ifi  the  most  difficull  of  the  arts,  and  involves,  one  way  and 
another,  directly  and  iudire^^lly,  the  application  of  all  the  sciences. 
Secondly,  ita  workers  have  in  the  past  been  k-n-i  trained  ia  scientific 
methods  than  those  in  other  callings.  Until  recently  agriculture  hns 
been  almost  wholly  an  euipirieal  art  and  only  in  very  rcxtcnl  times  has 
the  farmer  received  any  ajiec-ial  training  for  his  profession.  Always 
intensely  conscn-ntive  ho  has  learned  new  raethoda  vcrj'  slowly. 
Many  breachca  have,  however,  been  made  in  the  wall  of  empirinsm 
which  has  surrounded  him  for  centuries  and  the  farmer  who  formerly 
derided  book-farming  has  now  opened  his  mind  to  the  iMSons  of 
science. 

Since  the  farmer  commenced  to  use  the  teachings  of  science,  the 
progrpsa  of  agrif-ulture  ha."*  been  extremely  rapid;  and  as  we  may 
expect  that  agriculture  will  make  gigantic  strides  in  the  next  decade, 
the  now  agriculture,  which  is  bused  on  science  rather  than  om|Mri- 
oism  and  which  is  just  now  being  introduced,  is  destined  to  advance 
all  the  other  industries  and  give  the  race  a  new  forward  impulse. 

Tliis  we  must  believe  from  the  progrees  already  made.  Consider, 
for  example,  the  progress  made  since  the  time  of  Liebig  in  the  study 
of  soils.  Liebig  based  all  his  proposals  for  the  conservation  of  fertility 
and  the  improvement  of  tlio  soil  upon  chemical  composition,  and  hb 
teachinga  did  much  to  improve  our  agricultural  methods.  According 
to  Ilia  theory  tlie  soil  was  composed  of  dead,  inert  matter,  and  the 
question  was  how  to  provide  the  so-celled  mineral  food  of  plants  in 
sufficient  quantity  and  available  form.  For  fifty  years  fiA  methods  of 
soil  improvement  and  culture  were  based  upon  this  idea.  The  soil 
was  supposed*  to  be  devoid  of  all  vitality  untU  the  crop  appeared, 
and  the  chief  business  of  the  farmer  was  to  destroy  everj'  other  form 
of  life.  Tlie  question  of  nitrogen-supply  had  come  to  be  looked  upon 
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OS  lying  At  the  very  foundation  of  agriculture  and  demanding  the 
most  careful  consideration  because  the  conditiuus  of  life  in  the  civil- 
ized quarters  of  the  globe  were  tlioughl  to  cause  a  conetAut  luss 
of  nitrogen.  Every  oollcrtion  of  rniimnlH,  brute  and  human,  was 
destroying  (be  combined  niirogen-aupply;  e\ery  town  and  city  was 
dissipating  enormous  quantities  of  it  tbrou^  its  eowcni  and  into 
tlic  atmnsphere.  Tons  of  tliis  valuable  eleraent  were  being  burned  in 
exploeivcs,  and  nitrates  enuugli  to  grow  bread  for  a  whole  city  were 
being  destroyed  in  single  buttles.  At  one  time  tbcre  were  mauy 
who,  like  Sir  William  Crookes,  predicted  a  nitrogen  famine  in  llie 
soil  which  in  time  would  lead  to  a  bread  faoiiiie  throughout  the 
world. 

One  does  not  have  to  read  far  in  the  agricultural  literature  of  to-day 
before  finding  that  all  these  ideas  have  been  entirely  changed.  The 
fcoil  is  now  known  to  be  filled  so  completely  with  living  tilings  aa  to 
entitle  it  to  be  eunsidered  a  vitij  mass  itself,  mid  even  those  ele- 
ments in  it  not  endowed  with  life  now  have  the  highest  Kignificsoce 
as  the  neceraary  environment  of  the  living  oi^anisms  which  they 
help  to  nourish.  We  know  that  tlierc  arc  countless  urganisms  in  the 
soil,  rendering  many  different  kindti  of  service  iu  preparing  it  to  be  the 
homeof  the  plants,  and,  what  is  more  important ,  in  preparing  the  food 
for  the  pinnts  t lieniselvee.  Some  of  these  orgimisnis  dissolve  the 
mineral  matter  of  the  soilB,  others  exert  their  activity  on  the  organic 
nitrogen  in  the  humus  of  the  soil;  others  develop  ptkrueiticaily  or 
gymhiotieally  with  growing  plants,  like  the  legumes,  herding  in 
colonies  upon  their  roots  and  eeeuring  by  their  vitality,  in  a  way  we 
do  not  fully  undcnstand,  the  oxidation  of  the  free  Dttrogen  of  the 
atmosphere.  Still  others  have  the  ability,  independently,  apptirenlly 
without  the  aid  of  plant  vitnlily.  cither  to  secure  the  oxidatiim  of 
atmoephcrio  Ditrogen  or  to  produce  ammonia.  iDvcstigations  along 
these  lines,  which  have  now  led  to  the  syatemiitic  diatribution  of 
nitrti  gen -fixing  bacteria  for  inoculating  the  soil,  have,  for  a  time  at 
least .  dlepelled  all  dreams  of  eoriy  faminee,  and  have  given  the  world 
an  a^-<urnni;G  of  u  sufFicieiiry  of  bread  for  at  least  an  indefinite  periutl 
The  refined  SL-ientilie  investigationa  of  Nobbe  in  Germany  have  now 
been  made  practically  effective  in  fixing  nitrogen  in  the  soil.  Soil 
or  seed  can  now  be  inoculated  -n-ith  the  nitrogcn-tiseing  bacteria 
just  as  dough  is  inoculated  with  yeiwt. 

Mention  might  also  be  made  in  this  connection  of  the  proposals  to 
combine  the  nitrogen  and  oxygen  of  thentmoKphcre  by  the  electric 
9pH,rk,  as  is  now  being  actually  attempted  at  Niagara.  l>efinite 
reports  of  results  are  not  yet  obtainable,  but  if  this  can  bu  done  on 
a  lai^  scale,  we  shall  be  able  to  utilize  the  great  water-power*  to 
make  this  vnlnnblo  food  for  plants  from  the  inexhaustible  »Iot» 
of  the  atmosphere. 
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Great  progr«es  has  also  been  made  in  UlU  country  in  the  study  of 
the  physics  nf  the  soil,  with  the  re»iilt  thut  viut  new  ureiis,  like  the 
iilknli  mi\s,  lire  being  reclaimed;  and  crops  Iiave  [>ceii  found  fur  many 
other  eoHi  which  were  supposed  to  be  UBcless.  The  proper  couipre- 
heoijion  nf  tlio  relation  of  the  soil  to  uioiistun:  hiui  cxpvltpt)  many  of 
the  empiricB.1  methods  of  culture,  and  has  given  us  a  new  conception 
of  the  meaning  of  tillflgc.  The  same  may  be  suid  of  th«  relation  of  t^ 
soil  to  beut. 

The  main  object  in  all  farming  being  the  production  of  larger 
yields  and  better  quality  of  crops,  scieattlie  men  have  given  a  large 
share  of  tbeir  euerg>-  in  recent  yeare  to  investigations  having  ilicse 
objects  directly  in  view.  This  work  boa  included  the  testing  of  field- 
crops,  fniits,  and  vegetJihles,  for  the  purpose  of  finding  those  best 
suited  to  given  regions  and  conditions;  the  improvement  of  mctboilH 
of  culture,  the  production  of  improved  varieties  by  selection  and 
breeding,  and  the  better  utilisation  of  the  product.  Biirbank's  mar- 
velous work  in  new  flowers  and  fruits,  trees  and  plants  of  all  kinds, 
bus  at  l&st  rccuivod  th«  popular  rveogoiliun  it  hits  long  deserved. 
Tlie  possibilities  in  tbis  direction  now  appear  almost  limitless. 

The  trtaple  crops  of  the  country,  such  as  wheat  and  maize,  or 
Indian  corn,  have  been  tiie  subjects  of  much  invest ij^ation,  tovtaing 
every  phase  of  their  improvement  by  selection,  breeding,  tillage, 
fertilization.  har\'eflting,  curing,  preparation,  and  utilisation.  The 
results  have  been  of  vast  prnctiral  value.  Those  in  the  cases  of  wlicnt 
and  corn  will  illustrate  the  progress  made. 

Not  only  ha.-*  it  been  shown  that  the  quality  of  wheat  for  special 
purposes  can  be  materially  changed  at  will  to  suit  necessary  con- 
ditions or  special  wants,  but  the  productivity  of  races  or  types  of  the 
srain  can  bi;  fixed  by  systematic  seed-selection.  For  plants  can  bo 
bred  just  like  ammals.  Biirbank's  wonderful  work  is  so  well  known 
now  that  wo  need  not  describe  it.  At  the  Minnesota  Experiment 
Station  new  varieties  of  whtat  have  been  produced  by  breeding  and 
selection,  which,  we  are  told,  will  increase  the  yield  in  the  hard-wheat 
region  of  the  Northwest  by  from  three  to  five  bushels  per  acre.  Re- 
duced to  a  practical  basis,  this  means  an  increase  in  the  wealth  of  the 
three  states,  Minnesota,  and  North  and  South  Dakota,  of  from 
$20,000,000  to  J40.OO0,O00  annually.  The  yield  and  qualityof  wheats 
inthatregionhas  already  shown  a  marked  improvement  as  a  result  of 
the  diatribution  of  seed  of  two  or  three  improved  varieties.  As  varie- 
tJes  suitable  for  other  sections  will  undoubtedly  be  ori^nated  in  due 
time,  the  results  that  will  accrue  when  these  methods  h.^ve  been 
extended  to  all  the  wheat-producing  areas  of  the  United  States  can 
hardly  be  imagined.  The  wheat  crop  of  this  country  for  the  year 
1902  wa8  O7.i,(l(W.I]O0  bushels,  valued  at  $42.5.(1(10,000.  The  average 
yield  of  wheat  is  only  a  little  over  thirteen  bushels  per  acre,  con- 
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siderably  smaller  than  that  of  Kngland  where  it  is  Iwenty-eix,  and 
that  of  Gentuiny  whore  it  is  ihirty-onc  If,  by  the  introduction  of 
these  improved  vtuiutirs  aiid  of  better  methods  of  tillage,  the  average 
yield  of  this  countrj'  can  be  increased  no  more  than  two  bushels  per 
nere,  (he  totnl  increase  for  the  entire  country  will  be  100,0t)0,0l>0 
bushels  per  year,  worth  about  8100,000,000.  This  wotild  seem  to  be 
entirely  praciicable.  If  the  excellent  prospect  of  iiicreajiing  the 
nitrogen-iiupply  in  the  soil  for  cereals  docs  not  allay  all  anxiety  re- 
garding starvation,  the  re&ulta  in  breeding  Dcw  varieties  of  wheat  and 
other  food-plunta  sliould  certainly  put  that  fear  to  ilecp  for  a  long 
time  to  come. 

No  less  interesting  and  instructive  is  the  recent  vork  in  corii' 
breeding  conducted  ut  the  Illinois  and  KtLttsuK  Atntiuns.  Although 
corn,  which  is  this  year  yieldim-  probably  two  and  three-fourths 
billiona  of  bushels,  worth  approximatfily  one  anrl  a  hiilf  billions  of 
dollars,  heads  the  list  of  ecreals  in  value,  until  the  valuable  work  of 
those  experiment  etations  was  announced  there  bad  been  no  mate- 
rial improvement  in  the  production  of  this  crop  in  twenty  years.  The 
Illinois  station  has  shown  that  if  the  methods  of  selection  practiced 
by  it,  which  are  quit©  feasible  and  within  the  reach  of  every  farmer, 
were  fdlowod  throughout  thnt  i<inglc  state,  the  increiuc  in  production 
in  one  year  would  amount  appniximately  to  $20,000,000, 

Methods  have  nko  been  found  for  changing  the  composition  of  the 
grain  itself  to  meet  .tpeciai  rcquirempnts:  such  as  an  iucroased  >idd 
of  oil  or  of  protein.  Since  the  manufacture  of  oil  from  com  has 
become  an  Industry,  the  amount  of  this  constituent  is  a  malter  of 
considerable  consequence.  By  selection  the  oil-coutenl  has  been 
doubled  in  some  varieties. 

The  most  important  question,  however,  connected  with  the  im- 
provement of  com  is  that  which  relatets  to  its  value  as  a  well-balanced 
food.  It-s  relative  deficiency  in  protein  haa  probably  boen  the  chief 
reason  this  grain  has  not  been  more  extensively  used  as  a  human 
food  in  continental  countries.  It  has,  therefore,  long  been  a  question 
how  to  increase  the  protein  In  »  grain  of  com  at  the  expense  of  the 
starch  and  fats.  .As  the  nitrogen,  like  the  other  constituents  in  the 
grain,  varies  in  the  different  varieties,  the  way  is  thus  opened  (or  the 
control  of  tJift  variations  in  this  important  element.  The  Illinois  and 
Kansas  stations  have  been  engaged  for  some  time  upon  this  problem. 
By  the  selection  of  varieties  containing  a  high  percent  ago  of  proton, 
it  has  been  found  possible  to  develop  strains  containing  an  increased 
amount  of  this  desirable  substance.  Tho  protein-content  of  some 
varieties  of  corn,  now  apparently  well  fixed,  has  been  increased  fully 
2.5  per  cent,  that  is,  from  about  10  to  about  12.30  p«?r  cent,  which 
makes  com  eqnal  to  the  average  wheat  in  this  respect.  In  special 
cases  it  has  been  increased  to  even  as  much  as  17  per  cent.  Should 
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whoflt  Lticn  fail  lis,  Indian  corn  will  be  ready  to  take  ite  place  with  an 
equni  amount  of  protein. 

The  deviilopnieut  of  the  rice  iaduatry  in  Louisiana  and  Texas  fur- 
tiiahee  a  good  example  of  the  building-up  of  u  new  industry  by  the 
introduction  of  a  new  type  of  seed  and  of  improved  methods  of  cul- 
tivation and  liarvesUng.  Rice  waa  one  of  the  carliost  introduetioiia 
into  this  country  and  was  grown  for  nearly  two  hundred  years  in 
South  Carolina  an<l  the  adjacent  stat«s  with  little  impravemcnt  of 
method.  It  was  thought  that  these  states  were  the  only  ones  that 
poasessed  the  rcqtibite  irrigatiSe  lands.  It  haa  recently  been  diseov- 
ered,  however,  that  the  prairie  lands  of  southern  Louisiana  and 
Texas  will  produce  large  crops  of  rice,  if  provided  y,*ith  the  requisite 
water,  which  is  now  obtained  from  bayous  or  artesian  wells.  The 
water  is  drained  off  in  time  to  permit  the  ground  to  diy  and  the  crop 
is  then  harvested  with  mschinery  similar  to  that  used  wth  wheat. 
As  a  result  of  these  improved  methods,  the  total  rice-production  of 
this  countrj*  has  increased  In  five  years  from  about  100,000,000 
pounds  to  ahout  40W,()00,C11K)  pounds.  The  two  stateA  mentioned 
produce  over  90  per  cent  of  this.  As  the  American  people  import 
some  40,000,000  pounds  of  rice  annually,  there  is  still  room  for 
the  development  of  this  industry.  It  is  estimated  that  there  are 
available  in  these  two  states  alone  3,000,000  acres  of  land  suitable 
for  rice-growing.  Thi.t  !»  perhaps  the  best  single  illustration  of  the 
introduction  of  new  races  of  seed  and  the  use  of  improved  methods 
of  cultivation  in  theJr  production. 

I  wish  n<>xt  to  suggest  another  place  where  scientific  invcRtigations 
of  n  similar  character  are  greatly  needed.  Cotton-culture  needs  pre- 
cisely the  same  sort  of  attention  from  seientifie  men  and  expert 
agriciilturiBlB  as  haa  been  given  to  wheat,  com,  and  ripe.  Con- 
sidering the  immen.ie  importance  of  this  crop,  it  is  remarkable  that 
it  has  not  received  more  systematic  study. 

A  group  of  Htatee  in  the  eouthern  portion  of  America,  constituting 
less  than  one  fourth  of  the  total  aj*a  of  thu  United  Slates,  grows  from 
60  to  70  per  cent  of  the  cotton  consumed  in  the  world.  The  total 
value  of  the  annual  crop  is  exceeded,  among  the  cultivated  crops  of 
the  United  Statea,  only  by  Indian  com  and  occasionaJIy  by  whc«t. 
both  of  which  are  grown  in  almost  ever>'  state.  Since  it  is  fair  to 
assume  that  all  the  fibers  have  been  pretty  well  tested  as  to  their 
capabilities  nnd  uses,  we  may  conclude  that  cotton,  now  the  preferred 
fiber,  is  destined  to  grow  steadily  in  favor  with  civilised  man.  and 
will  continue  to  he  used  by  him  in  increasing  amounts.  We  are 
constantly  finding  new  uses  for  it,  and  may  safely  predict  that  the 
demand  for  cotton  will  increase  rather  than  diminish.  It  has  been 
estimated  that  to  meet  the  world's  denmnd,  when  its  standard  of 
consumption  has  been  raised  to  that  of  the  civilized  nations,  wilt 
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require  an  annual  crop  of  at  least  45,000,000  bates.    It  is  thereforej 
eminently  desirable  tliat  the  Southern  St&tes  of  America  slioulc 
me«t  thi^  demand.  Will  they  do  it? 

Present  tenciencics  in  the  cotton  worid.  at  least,  seem  to  answer 
"  No."  I>uring  the  l«fit  four  years  the  coasumptir.n  of  cotton  Beems 
to  bo  rapidly  overtaking  the  production,  with  the  consoquenec  that 
many  of  tlie  milla  in  the  United  States,  in  England,  and  on  the  Con-j 
linent  have  been  ruuriing  on  «hort  time.     Tlicro  oro  two  principal'^ 
causes  which  have  contributed  to  this  shortage.  The  most  important 
has  been  the  large  increase,  amounting  now  lo  at  least  500,000  hales 
per  HUDum,  in  the  world's  consumption.  Of  tbis  iiicrcuso,  the  grcutoT 
part  was  in  the  Southern  (States  themselves,  ivhere  the  consumption 
of  cotton  was  doubled  within  the  la-st  ten  years.  These  states  are  now, 
taking;  ncftrly  twenty  per  cent  of  the  cotton  produced  by  tliem.  Th< 
second  cause  of  the  sbortage  is  the  failure  of  the  American  cotton- 
planter  to  resi>ond  ts  the  increased  demand,  and  perhaps  a  slight^ 
falliiiK-ofE  in  the  yield  per  acre.     In  fact  there  are  some  rvuiODS 
believe  that  the  yield  per  acre  hoB  been  slowly  but  steadily  deoliuii 
for  a  niiml»er  of  years. 

AUtiougb  in  many  sections  from  £00  to  800  pounds  of  cotton  may  be 
obtaine<l  by  good  cultivfitton,  the  average  yield  of  cotton  in  iht 
United  States  ia  only  about  190  pounda  of  lint  per  acre.  There  IB^ 
evidently  great  room  for  improvement  in  the  methods  of  cultivation 
and  fertilisation,  and  especially  for  tmpro^'vment  of  the  plant  it»elf. 
Any  one  who  haa  traveled  through  the  South  will  acknowledge  that 
the  methods  of  cotton-culture  are  the  poorest  and  nwwt  backward 
used  with  any  ittaple  crop  in  our  country. 

Cotton  is  limited  by  climatic  conditions  to  thot  portion  of  America 
Bouth  of  latitude  37.  Tlie  essential  features  of  the  climate  in  this 
section  are  a  long,  warm  seA^on  and  a  peculiar  distribution  of  the 
rainfall.  Statistics  show  that  the  fluctuations  in  the  yield  per  acre  in 
a  given  section  are  Ictss  iu  the  case  of  cotton  than  in  tliat  of  idmoet 
any  other  product  of  the  soil.  The  production  of  cotton  may  be  due  la 
the  greater  uniformity  of  all  the  climatic  conditions  obtoinitig  in  the 
cotton-bdt,  but  the  chief  determining  condition  as  bctwocn  different 
sections  of  our  country  is  the  amount  of  light  and  heat  distributed 
over  the  required  number  of  days.  For  cotton  h  a  sun  plant.  Asa 
rule  accrtain  amount  of  aunsbine  produces,  upon  a  given  territory,  a 
certain  amount  of  cotton.  The  distribution  of  rninfall  is  also  import* 
ant,  but  sunlight  is  ttie  chief  factor  The  plant  requireti  an  abundant 
supply  of  moisture  during  the  growing  atage.  but  can  stand  a  good 
deal  of  drouf^ht  after  the  middle  of  Hummcr  is  passed.  Now  the  sec- 
tion of  tlie  country  providing  these  conditions  measures  only  about 
500,000  square  milee,  lees  than  one  third  of  the  total  settled  area  of 
the  United  States.  Some  50  per  cent  of  this  area  ta  oontainod  in  farms, 
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about  21  per  ctnt  is  improved;  but  only  about  five  per  cent  of 
Ihe  total  aren,  or  one  tentli  of  the  area  in  farms  and  one  fourlli  of  the 
oTca  ur  the  improved  lands,  is  annually  cultivated  in  cotton.  If  the 
whole  area  in  farms  in  tliis  section  were  cultivated  in  cotton,  it  would 
produce  at  least  80,000.000  bales.  So  far.  therefore,  as  soil  aori 
climatic  conditions  arc  concerned,  the  Soutlicrn  States  can  produce 
seven  or  eight  times  ae  murh  cotton  as  they  now  do. 

Hut  soil  and  climate  are  not  the  only  conditions.  It  requlree  men 
and  mulee  to  make  a  cotton  crop.  It  is  generally  reco)(nized  that 
the  labor  used  in  the  production  of  cotton  Is  somethiog  over  fifty 
percent  of  the  total  expenseof  growing  the  rrop.  This  exceeds  thecost 
of  labor  in  growing  com  and  wheat,  and  al&o  in  many  nutuufacturing 
indiiatries.  But  Btatistics  of  population  show  that  there  is  labor 
enough  available  in  the  South  to  handle  an  increase  in  the  cotton 
crop  such  08  the  colton-bdt  ifl  capable  of  producing  under  favorublo 
conditions.  The  Negro  is  well  udupted  for  working  in  the  cotton- 
fields,  and  hiK  children  are  the  only  suecetisful  cotton-pickers  known. 
The  great  need  is  that  this  labor  be  better  trained  and  organised. 
Although  the  mipply  of  mules  and  horses  is  itiadc<|uutc  at  prudent  for 
the  production  of  a  crop  of  this  kIzb,  they  might  be  rallied  within  a 
few  years. 

We  come  thus  to  the  tiuestion  why  tlio  South  docs  not  actunlly 
produce  more  cotton  to  supply  the  world's  increasing  demand.  It  is 
commonly  stated  that  the  low  pricea  which  prevailed  for  a  number  of 
yeare  ltd  tlu-  ]>]antere  to  diversify  their  farming  and  to  devote  more 
of  their  moans  and  energy  to  the  production  of  general  farm-eupplies. 
This  is  true ;  but  when  this  has  been  successfully  accomplished,  the 
planters  should  be  in  an  even  better  position  to  produce  the  crop 
demanded.  Where  then  is  the  trouble?  Experts  seem  to  agree  that 
the  chief  difficulties  arc  the  impoverishment  of  the  cotton-eoila 
through  continued  cropping  under  the  renting  system,  and  the 
running-out  of  the  seed.  Ob8er\'ation  in  the  eotton-belt  leads  us  to 
believe  that  fully  two  thirds  of  the  planters  use  seed  taken  entirely 
at  random  from  the  public  gine,  about  which  they  know  nothing 
whatever. 

It  is  safe  to  estimate  that  the  cotton  crop  could  be  doubled  on  the 
same  acreage  by  the  use  of  good  seed  and  careful  methods  of  tillage 
and  fertilizalion.  Questions  of  tillage  and  fertilization  must  be  left  to 
the  farmers  chiefly,  but  the  experiment  stations  should  take  up  the 
question  of  improving  the  seed. 

Certain  definite  things  should  be  kept  in  mind  in  the  proceets  of 
cotton-eeed  development.  Among  these  are  an  increased  yield  of 
fiber  and  of  seed,  an  increased  length  of  fiber  with  uniformity,  the 
strength  of  the  fdier,  the  season  of  maturity,  adaptation  to  soil  and 
climate,  and  resistance  to  diseases.  It  ia  probable  that  cotton  having 
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these  different  qualities  will  have  to  be  bred  to  suit  the  soil  and 
climatic  conditions  of  each  section.  Here  then  is  a  great  task,  one, 
however,  which  offers  magnificent  rewards.  It  is  firmly  believed  that 
the  scientist  and  the  cotton-planter  will  together  be  fully  equal  to  its 
solution. 

We  have  sought  by  these  few  illuBtrations  to  show  what  science  has 
already  contributed  to  the  advancement  of  agriculture  and  how  it 
may  be  expected  to  do  still  more  for  it  in  the  future.  No  one  now 
doubts  that  the  progress  of  agriculture  in  the  future  depends  chiefly 
upon  the  discoveries  in  science  and  their  application  to  the  practical 
problems  of  the  farmer. 

The  discoveries  of  science,  however,  and  the  demonstrations  of  the 
United  States  Department  of  Agriculture  through  its  experiment 
stations,  will  be  of  little  value  to  the  American  fanner  unless  he  is 
well  enough  educated  to  understand  them  and  skilled  enough  to 
apply  them.  More  secondary  agricultural  schools  and  schools  for  the 
training  of  horticulturists,  dairymen,  and  other  specialists  are  needed 
in  all  our  states.  The  higher  agricultural  institutions  and  departments 
of  agriculture  in  our  universities  are  answering  an  admirable  purpose 
in  training  experts  and  investigators;  but  so  far  we  have  very  few 
secondary  agricultural  schools.  It  is  believed  that  the  next  develop- 
ment will  be  along  this  line.  Certainly  the  greatest  need  of  American 
agriculture  is  farmers  trained  to  habits  of  observation  and  skilled  in 
the  application  of  science  to  their  business.  What  the  new  agriculture 
will  do  for  the  advancement  of  the  race  when  even  a  naajority  of 
farmers  have  learned  its  methods  confounds  the  im^nation.  This 
greatest  of  productive  industries  will  lay  a  new  foundation,  deep  and 
broad,  upon  which  man  will  build  a  new  life,  growing  ever  nobler  and 
truer  "  unto  the  perfect  day." 
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(Liberty  Hr^le  Bailey,  M.S..  CKritctor  of  thv  State  College  o(  AgricuUinv.  ComcU 
rnivi-rsitv;  EItoii  of  the  Faculty,  »nd  l*rofci»or  vt  Kiual  Economy,  b.  M»rcli 
Ifi,  I^^H,  .South  IJArrn,  UicliiKuti.  It.t5.  Micliigan  AKricuttiinil  C^llc^n;  U.8. 
ibid.  ProftteoT  of  UortkuJtuiv  and  I^ndscnpc  Oanfi-niiig,  Mieliigaii  AifKcuI- 
lii/fil  Colittre.  1884;  PTori>«8or  of  Ilortii'iilum',  CtimcU  Univit^ily.  mss-ltlM. 
Meititierof  Anipricnn  PhilcMO^iic&l  Socitt^v;  Fellow  of  tlic  Amcricnii  Acailrmy 
t>t  Art*  And  Scienocs,  imA  van«<u  profpesional  §oei«tii«.  Editor  of  The.  Nurat 
Scrira  of  book*,  of  th<t  Cf/floptdtJi  aj  Atntrirun  HorHcuUuir ,  und  Cyclojifdia  o) 
Amirican  AgrieTdlunr.  Autlwrof  tniuiy  ImkiIes  on  tinfticultiirr.  Ixrtany,  ngricul- 
tun.',  and  outdoor  subji-ctA.] 

AoftlcuLTURB  is  now  in  a  iraiisitionul  .stJige.  It  is  pussiiig  from 
the  old  to  the  Dew.  It  b  pupating.  The  problems  are  great,  and  tliey 
all  have  a  fnrwnTd  look. 

Most  of  these  problems  are  incapable  of  solution  quickly.  They 
muKt  rifwii  und  mnture.  They  are  many;  this  paper  proposes  only 
to  utate  a  few  of  them  that  appeal  moitt  to  me,  leaving  the  rlisRuB- 
slon  of  them  to  others. 

The  problems  of  nj^ipultiire  are  of  prvesin^  importance,  both  to 
agricTjJture  itself  and  to  the  public  welfare.  They  are  of  two  kinds: 
(1)  the  technical  problems  of  the  business,  (2)  the  problems  of 
adjustment  to  the  affftirs  of  our  growing  civilisation. 

The  problems  of  adjustment  are  of  the  greatest  public  eoneorn 
because  agriculture  is  our  frrc^atest  occupation  and  is  nece.stiiu'y  to 
civilization.  Of  all  occupationR,  it  employs  most  men,  most  capital, 
and  is  followed  in  the  most  places.  It  probably  mu^t  filways  employ 
from  one  fifth  to  one  fourth  of  the  people  of  any  self-siuitatniuK 
nntion.  There  are  supernumerary,  eleemosynary,  and  parasitic 
occupations;  but  agriculture  is  basic. 

Other  occupations  have  had  their  clay  in  the  public  appreciation. 
All  of  them  have  been  born  out  gf  agriculture.  Tubal-CaiD  was  the 
descendant  of  Adam.  The  ijcrcatcst  of  public  problems  are  to  come 
with  the  rise  of  the  agricultural  peoples.  Just  because  it  is  basic, 
agriculture  has  been  conservative  and  patient.  Fundnmcntn!  strata 
are  likely  to  be  azoic;  but  in  great  world-movements  they  are  also 
likely  to  rise  permanently  to  the  top. 

The  farmer  is  a  wealth -producer.  Therefore  hi»  im|>ortancc  in  the 
body  politic  is  primary.  He  deals  with  elemental  forces.  As  a  wealth- 
producer,  he  will  come  to  have  a  larger  voice  in  the  expenditure  and 
waste  of  wealth  in  maintaining  armamenta  of  war.  All  hia  instincts 
are  of  peace. 

The  public  problems  of  agriculture  have  been  slow  to  gain  recog- 
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nition.  The  SRricultura]  qii(<Kt!nnK  ihal.  we  customarily  dincuss  are' 
thoec  of  the  individual  farraer.  Tiie  burdeii  of  our  teaching  hmi  been 
that  tlic  fuTRicr  must  b«  a  b«ttcr  former.  Only  in  recent  yunn  \uus  it 
come  1.0  be  fully  ri>n)Kiuz«0  that  aKtiouItura]  problems  are  of  the 
greatest  nationul  andgoveramemalsigaiticance.  Coosiderhow  recent 
is  the  Land  Grant  Act,  tlic  sccrctarj-sliip  of  agrivulture  ia  tlie  PresU 
<Ient'8  cabinet,  the  Experiment  Station  Act.  the  origin  of  a  defiitit^ 
farmens'  institute  movemoat,  the  development  at  public  expenw  of 
fertiliser  and  feed  controls  and  otlier  policing  policies,  the  making 
of  liberal  grants  of  public  money  for  specific  agricitllural  uses. 

Governmental  liecal  policies  have  been  shaped  priiaivrily  fur  other 
occupations,  aa,  for  example,  the  tariff  for  protection.  This  is  pri- 
marily a  manufacturer's  policy.  It  matured  with  the  riM  of  con- 
centrated munufueturiiiR.  One  of  the  atock  argutnoDt«  of  the  pro- 
tectinnist  when  addreesing  farmers  is  that  any  policy  that  aids  manu- 
factiirinK  interests  mu.st  indirectly  aid  them.  I  am  not  here  to  di'wiiss 
or  to  criticise  tariff  legislation,  but  it  is  apparent  that  such  legislation 
is  only  secondarily  of  benefit  to  agriculture.  It  has  been  the  history 
of  institutions  that  special  and  organized  iaterests  receive  attention 
before  care  is  giveu  to  the  common  people  and  the  masses. 

We  have  really  not  endeavored,  as  a  people,  to  SOU'S  our  technical 
agricultural  problems  until  within  the  present  generation.  We  have 
escaped  the  problems  by  moving  on  to  the  west.  Thereby  we  have 
fallen  into  tJie  habit  of  treating  ttymptoiiu)  rather  than  causes,  atf  the 
polifciiian  dues  when  he  orders  an  offender  to  '"  move  on,"  and  leaves 
the  r«al  diRiculty  for  some  one  else  to  aoh'e.  Even  yet,  farmens  are 
moving  on  to  tind  land  that  is  not  depleted  and  regions  free  of  blights 
and  of  pests.  The  real  development  of  agriculture  lies  in  developing 
the  old  ureas,  not  in  discovrring  new  oncB.  When  virgin  land  can  no 
longer  be  had,  scientific  agriculture  will  come.  An  isolated  island 
develops  something  like  a  perfected  agriculture,  as  one  may  see  in 
Bermuda  nr  J(;rsey.  The  earth  is  an  inland:  in  time  it  will  be  de- 
veloped. 

As  agrioulturc  comprisM  a  multitude  of  different  businesses,  c^-ery- 
where  touching  many  aciencee  and  having  contact  with  many  public 
<|uaitionB,  so  it  is  impossible  for  one  person  adequately  to  state  even 
its  present  and  pressing  questions.  I  have  been  in  the  habit  of  inquir- 
ing of  farmers,  students,  and  colleagues  ivhut  they  consider  the  agri- 
cultund  prublcnis  to  be.  Many  of  the  problems  that  they  have  stated 
to  me  are  temporary,  local ,  or  incidental.  Others  are  common  to  many 
occupations,  having  to  do  with  the  general  constitution  of  society 
and  (he  generHl  trend  of  economic  events.  In  this  paper  I  have  tried 
to  assemble  statememj^  of  sueh  (juestions  as  appear  to  me  best  to 
illuBtratc  the  complex  nature  of  the  subject  before  xm.  I  wish  I  could 
^ve  credit  to  the  soureca  of  all  the  suggct^tions,  but  this  is  impracti- 
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cable,  ev«n  thougli  in  some  cosoi  I  Imve  followed  very  cloudy  the 
id(Kuiaii(l  thelun^a^of  myiiifurmants.  I  shall  be  obliged  to  usstimc 
full  responsibility  for  the  statements.' 


The  Ttchnicnl  A</ncuUural  Probtema 

In  America  the  so-called  problems  of  agriculture  have  been  largely 
those  of  the  mere  conquest  of  land.  They  are  the  result  of  migration 
and  of  the  phenomenal  development  of  isiiitcr  iDdiutrice.  They  have 
resulted  from  a  growing,  developing  country.  They  have  been  largdy 
phygical,  mechanical,  transportntional,  extraneovie — the  problems 
uf  ihc  engineer  uud  inventor  rather  than  of  the  farmer.  The  problem 
has  not  been  to  make  two  blades  of  grass  grow  where  only  one  grew 
before,  but  how  economically  to  harvest  and  transport  the  one  blade 
that  lias  grown  almost  without  effort. 

During  the  past  hundred  years  there  has  been  an  area  of  develop- 
ment on  the  western  bonier  of  the  coimtry.  and  this  border  haa 
been  able  to  compete  at  an  economical  advantage  with  the  older  urtn 
further  eitai.  The  price  of  land  bus  fidlcn  in  the  Knai,  while  it  has 
risen  in  the  West.  From  1870  to  IWK)  we  praolically  doubled  our 
population  and  doublet!  our  agricultural  area.  Aside  from  the  geo- 
raetrical  increase  in  the  impidntion,  thi»  development  has  been  due 
largely  lo  a  fertile,  level,  practieally  treeless  prairie.  Hitherto  the 
axeman  had  hewn  his  way  tree  by  tree,  llie  development  of  the  area 
west  of  the  Mift.tiasippi  River  Ja  probably  the  most  remarkable  in  the 
history  of  the  world.  A  second  cause  for  this  development  is  the 
vonsulidation  of  railroads  into  transcontinental  lines;  and  another 
is  the  improvement  of  labor-saving  machinery,  of  which  the  self- 
binding  har\'oster  is  the  most  conspicuous  example,  a  machine  that 
first  attracted  wide  uttt^ntion  at  the  Centennial  Exposition  in  1870. 

To  this  day  the  American  ia  a  cheap-land  farmer.  A  few  minutes  on 
the  train  from  a  Kuropean  city  brings  one  into  a  highly  tilled  agri- 
cultural counir}'.  Tlic  (»thor  day  1  took  an  express  train  from  New 
York  City.  It  was  three  quarters  of  an  hour  before  I  saw  what  I  could 
call  a  farm,  an{l  u  full  hour  before  1  reached  a  farming  country. 

As  early  aa  one  hundred  years  ago,  a  distinct  movement  for  the 
betterment  of  agriculture  had  set  in.  This  movement  was  largely 
educational.  It  was  an  effort,  to  improve  the  farmer  quite  a$  much  as 
to  improve  the  farm.  Washington  was  vitally  interested  in  the  pro- 
blem. He  wished  to  have  a  central  board  or  clearing-house  for  agri- 
cultural information.  Tlie  ftdl  fruition  of  his  hopes  r«me  with  the 
cstublishment  of  a  secretaryship  of  agriculture  iu  the  President's 
cabinet^  in  Benjamin  Harrison's  admlnbtration.    In  1709  a  concrete 

>  I  am  under  apf^dal  ohligntioiM  to  my  cntlpAjcw*,  ProfceotB  Hunt  and  fjiiuiiaa, 
and  to  one  of  my  studenbi,  Mr.  CiLariM  Amnovid. 
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pn>po8itioii  for  ihe  catablishment  of  an  agricultural  collie  in  Penn- 
tiylvaoiu  camo  to  un  uolimely  cud.  lu  1S21  itiutnictiaii  wa-igivvii  in 
agriculture  in  the  lyretim  at  Gardiner,  Maine.  In  1824  a  school  of 
agriculture  was  opened  at  Derby.  Connecticut.  A  Dumber  of  otlier 
similur  attempts  were  made  previous  to  tbv  piu«!>iigc  of  tlie  Land  (jlrant 
Act  of  18(12,  but  of  these  only  tn'o  or  three  persist.  The  gi&t  of 
the  whole  movement  was  to  adapt  education  (o  men's  lives.  The 
culmiiiHtion  was  the  Land  Grant  Act,  the  purpose  of  which  ia 
"to  promote  tie  hberal  and  practical  education  of  the  industrial 
classes  in  the  Hev-eral  pursuits  and  profeesions  in  life."  So  far  as 
ngrieiillure  whs  concerned,  the  La.nd  Grant  Act  vas  Homewhal  pre* 
mature.  The  developing  and  organizing  mechanical  and  cngincCTing 
tradcH  were  tlie  first  to  profit  by  it.  Agriculture  will  nnw  have  its 
turn. 

The  tide  to  the  limitless  vest  roeo  and  fell,  and  wo  came  to  a  pause. 
The  technical  problems  of  the  farmer  called  for  aludy.  His  personal 
difficulties  pressed  for  solution  directly  on  the  farm.  These  problems 
arc  of  two  categories:  (I)  to  rcmo%'c  the  special  disabilities  (insects, 
fungi,  weeds,  animal  diseases),  (2)  to  augment  production  (ferlilizere, 
Boil  KtudieH,  tillage,  improving  plants  and  animals).  Then  was  bora 
tbe  experiment  station  (in  1887) :  the  idea  is  to  improve  the  farm;  it 
is  inveetigational,  not  educational. 

How  apocia]  the  purpose  of  the  Experiment  Station  Act  is  may  be 
seen  at  once  from  the  purposes  that  it  definitely  mentions: 

"That  it  shall  be  the  object  and  duty  of  said  eJcperiment  stations  to 
conduct  originn]  rccieATchcs  or  verify  experiments  on  the  i>hywology 
of  plants  and  animals;  the  diseafies  to  which  they  are  severally  eulv 
ject.  with  the  remedies  for  the  same;  the  chemical  composition,  of 
useful  plants  at  their  different  stages  of  growth;  the  comparative 
advantageg  of  rotative  cropping  as  pursued  tinder  a  var>'ing  series  of 
crops;  thecapacity  of  new  plants  or  trees  for  acclimation;  the  analy- 
sis of  soils  and  water;  the  chemical  composition  of  manures,  outurol 
or  artificial,  with  experiments  designed  to  test  their  comparative 
effects  on  crops  of  different  kinds;  the  adaptation  and  value  of  graase* 
and  forage-plants;  the  composition  and  digetit ibility  of  the  different 
kinds  of  food  for  domestic  animftis;  the  scientific  and  economic 
questions  involved  in  the  production  of  butter  and  cheese;  and  such 
other  researches  or  experiments  bearing  tUrectly  on  the  ngricultural 
industry  of  the  United  Rtates  as  may  in  each  case  be  deemed  advis- 
able, having  due  regard  to  the  var)-ing  conditions  and  needs  of  the 
respective  states  or  territories." 

The  experiment  stations  are  holding  to  these  special  Solds  with 
great  fitithfulneRS.  In  a  lot  of  three  hundred  and  fourteen  bulletins 
that  came  to  my  attention  bearing  the  date  of  1903,  the  foPowiog 
rough  clasatlication  of  subjects  was  made: 
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Insecte,  diacftBea  of  plante    63  op  20% 

Feeding  and  grazing 02 

FcrtilUiirti 37 

Farm  crops   »  33 

Fruits,  orchards 28 

Dairy  (milk  and  chocee) 28 

Diseases  of  uaimajs  16 

Meteorology  16 

Garden  vegct&bleB 12 

Sugar 7 

Natural  reaourcea,  irrigation  7 

Poultry   4 

Weeds   „ 4 

Ornaraental  plants 4 

Seed  germinatioQ 3 

Educational    ,,-.' i, ...  S 

Poreetry    2 

General  advice,  bees,  eihibitiona,  plant-breed- 
ing, etc 1 
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Some  epochs  are  now  paasing  —  as  tlio  fertiluer  epoch  basal  on 
agricultural  chemistry.  The  larger  question  of  self-sustsioinjiE  farm 
ninniigetnei)t  is  now  pretsiiig.  Three  categories  of  technical  form 
subjects  are  just  now  beginning  to  detnand  much  thought:  (1)  pro- 
blems of  feeding  to  increase  efBcicncy  of  farm  auimab;  (2)  problems 
of  l)ree<ling  of  ammala  and  plants  for  the  eame  purpose;  (3)  pro- 
blems of  the  business  organization  of  the  farm,  or  development  of 
a  fann-plun.  Wo  arc  beginning  to  apply  rcaearch  to  large  fundamen- 
tal questions.  The  earlier  subjects  of  investigation  in  the  agriculltiral 
experiment  Btations  were  mostly  the  araatler  and  incidental  ones. 
A  good  many  of  them  were  vest-pocket  queationfl.  Now  the  fuiH 
dumental  or  backbone  crops  and  productii  are  being  i iivcjitlgHtod 
in  their  entirety  —  the  com  crop,  the  cotton  crop,  the  grass  crop, 
the  milk  product,  the  beef  product.  The  experiment  stations  are 
ori)rinating  u  kind  of  constructive  tnvestigationnl  method,  and  the 
really  great  questions  are  ahead  of  us.    Large  problems  come  last. 

We  are  now  just  coming  to  the  large  question  of  adaptation  of 
special  arvius  to  s|)«ciat  purposes.  In  tlie  future  one  of  the  problenoa 
will  be  the  more  perfect  adaptation  of  the  kind  of  farming  to  soil  und 
climate.  As  an  illustration,  the  production  of  domestic  animals  for 
meal  and  for  wool  has  been  most  extensive  on  the  western  border  of 
ihe  developing  country  for  economic  ntusous,  and  not  bwauae  the 
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&reu  b  naturally  best  adnpted  to  this  eaterprisc  The  central  Mis- 
suAippi  Vallej'  is  pniniirily  ncluplcd  to  tho  production  of  corenU  and 
not  an  well  adapted  as  the  North  Atlantic  States  to  the  prwliirtion 
of  grass  either  as  pasmre  or  hay.  Theee  Atlantic  States  are  particu- 
larlj'  iidnpU'd  tof^rowiiignll  kinds  of  trees  und  of  ftrnits.  In  the  course 
of  time,  therefore,  we  may  expect  that  the  production  of  live-etock 
will  become  more  importjuitin  thoICaAt.  Out  of  this  grow  eomeimme- 
dintc  prohleniB.  At  present,  live-atook  htiHbandry  in  the  Eiwt  can  be 
carried  on  economipolly  only  when  large  tracts  of  land  can  he  pur- 
ehoHed  at  low  price.  It  is  powihie  to  purchase  small  tracts  of  land 
111  comparatively  low  price,  but  not  poesible  to  purchase  large  areas. 
More  of  the  livestock  will  be  raised  on  gm&ll  rnrms  within  the  moro 
densely  populated  dislricls.  with  comparatively  few  nnimaU  to  a 
place-  This  will  lead  to  the  queetion  of  maintaimnjc;  the  improvement 
in  domciitie  animals.  It  will  mean  the  gradual  substitution  of  sniling 
Hyelems  for  pasturing  systems,  and  this  will  lead  to  remoter  economic 
and  social  chunges. 

New  industrieit  are  to  be  developed.  This  oallB  for  special  govern- 
mcnlal  recogTiition.  The  national  Department  of  Agriculture  aids 
such  new  enterprises  by  giving  counsel  and  investigating  the  special 
technical  diflicultiee:  but  is  this  kind  of  aid  sufficient?  Ifthef^vem- 
ment  helps  new  manufacturing  industries  by  giving  tJiem  special 
privilegce,  why  not  aid  new  agricultural  industries  by  bounties?  If  a 
bounty  system  were  to  become  a  reeogniaed  public  policy  (following 
perhaps  the  experience  with  sugar  bountie-i),  would  it  result  in  un- 
dcAirabtc  social  and  economic  changes?  The  money  grants  to  agri- 
culture are  only  a  fair  offset  to  special  privUege«  given  to  other 
industrici). 

The  Social  and  Economic  Problems 


We  are  now  returning  to  the  farmer,  although  still  holding  to  the 
farm.  There  is  a  dietinct  recrudescence  of  the  educational  point  of 
view.  The  new  cmphafiia  is  to  be  placed  on  tho  man  rather  Uian 
on  bis  crops.  The  farmer  is  a  citizen  as  well  as  a  farmer;  be  is  an  iia- 
portant  factor  in  public  affairs. 

The  new  education  must  reach  the  farmer  in  terms  of  the  whole 
man  —  his  particular  business,  his  home  and  its  ideals,  his  relation 
to  good  roads,  good  schools,  the  church,  to  social  forces,  to  all  that 
makee  up  a  broad  and  Batisfying  country  life.  We  must  give  atten- 
tion to  the  ideals  of  living  as  well  as  to  the  ideals  of  farming.  The 
sanitation  of  the  farm-home,  the  architecture  of  the  buildmgiB  (what 
silent  and  effective  teachers  buildings  are!),  the  reading,  the  char- 
acter of  the  farmyard,  the  qiiastlons  associated  with  the  bringing-up 
of  children,  the  social  and  aommercial  organixations  —  these  arc  the 
kinds  of  subjects  that  the  rising  educational  impulee  must  attack. 
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All  this  enforces  the  economic  and  social  queetians  relaiing  u> 
agriculture.  Tlio  greuicst  problem):  of  Americui  apiculture  ore  not 
the  narrower  teohnicHl  ones,  l>iit  the  relations  of  the  industrj'  to  eco- 
nomic and  social  life  in  general.  Agriculture  has  not  as  yet  been  aUe 
to  cbII  to  ite  aid  in  tuiy  murkcd  degree  those  forces  uud  l«adeticiee 
which  have  culminated  and  been  of  such  economic  value  in  the 
genial  business  world,  in  the  great  productive  and  distributive 
uK^^n-^mioRs.  The  complete  solution  of  the  cconoauc  ills  of  Amcricun 
agrinilture  may  not  be  in  cooperation,  and  yet  in  both  the  productive 
and  distributive  phages  this  is  perhaps  the  mast  apparent  remedy. 
Codperalion  in  distribution  bus  made  a  beginning;,  but  coopenttion  in 
production  is  Ktill  almost  unknown.  Are  Kropotkin's  ideals  attain- 
able? 

The  problem  of  the  supply  of  capital  in  agriculture  has  never  beeA 
solved  ill  thi»  country  other  thuu  in  the  inoat  expensive  wny.  Cupitnl 
must  return  to  the  lund.  Two  factors  enter  into  the  problem:  (1)  to 
demonstrate  that  capital  can  be  made  remunerative  id  farmed  land, 
(y)  to  in.*iire  that  land  will  not  l)ear  an  tirijtir<t  bunlcn  of  tnxntion. 

Clo8el>"  associated  with  the  economie  side  te  the  sociological  phase. 
In  thr  dayK  when  all  were  intert^ted  in  agriculture,  both  school  and 
church  floiiriahed,  hut  in  these  luter  days  both  have  lost  their  mold- 
ing influence  in  the  country,  though  tlte  former  shows  signs  of  renewed 
activity  vital  to  the  community. 

The  specific  economic  and  social  questions  that  even  now  press  for 
study  arc  so  numerous  that  they  cannot  bo  catalogued  in  an  address 
of  this  character.  Is  there  still  an  active  e.\odus  from  the  country? 
If  HO,  ia  the  movement  caused  by  purely  economic  conditions,  or  Is  it 
in  part  the  social  attractiveneiis  of  the  city?  In  other  words,  does 
the  education  of  the  farmer  fit  him  for  the  appreciation  of  the 
esthetical  and  philosophical  vulues  of  his  environment?  In  what 
relations  do  the  labor-oaving  devices  stand  to  the  rural  exodus?  Can 
it  in  any  way  be  due  to  super-population  of  the  rural  communities? 
Arc  the  fitml  rewards  of  labor  greater  in  the  city  than  in  the 
country?  Is  the  arrested  development  of  country  church  and  school 
in  any  way  responsible? 

What  are  the  tendencies  a»  to  siie  of  farms?  Is  the  American, 
starting  with  smnll  individual  ownership,  tending  towards  consolida- 
tion into  larjccr  units?  Is  the  Rurnpeun,  starting  with  large  land- 
lorded  ownership,  tendini;  towarda  small  indi\'idual  units?  Are  the 
small  farms  decreasing  in  number?  In  what  way  docs  the  develop- 
ment ol  the  railroads  and  electric  roads  affect  the  size  of  farm  pro- 
perties? in  what  way  do  tbe  labor-saving  de\nces  influence  the  size  of 
farms?  Could  cooperation  of  farmers  remedy  any  tendency  towards 
large  farms?  Or.  are  larger  farm  units  to  be  desired? 

What  can  cooperation  do  for  the  farmer?    Must  it  bo  econonuc, 
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social,  poUttcul,  or  to  inorotup  production?  Whut  are  the  moral  and 
psychological  effec^ts  of  cooperation?  Vr'hat  relation  can  cooperation 
have  to  the  isoltktion  of  the  farmer?  To  his  hygienic  condit-ionsT  Is 
it  ptiesiblc  or  d«Hr«ble  by  mcftos  of  cooperation  to  save  sraiiU  indi- 
\-iduaJ  ownership  of  faraifl? 

Is  it  true  that  the  rowntry  promotes  health  better  than  the  city? 
Whut  arc  the  diitveAea  of  the  country?  Arc  there  uicatol  diseases  of 
isolation?  Are  most  of  the  farmer's  di^easee  due  to  hb  work,  environ- 
ment, or  poor  intellectual  preparation  to  meet  the  recniiremenis  of  hi* 
condition?  What  could  tlio  atate  do  for  the  farmer  from  a  bygieoio 
standpoint?  What  are  the  relntioiut  of  farm  wuter-suppliea  to  the 
prevalence  of  typhoid  fever  and  other  diseases? 

How  is  isolation  to  be  overcome?  By  s  hamlet  system?  Or  by  a 
distributive  Bystom  of  communication  —  &s  by  hotter  roudit,  trollcy- 
liues,  autu-vohicles,  nir&l  mail  deli%'ery,  telephoua<<,  travetiiiK  li- 
braries, cooperative  reading-courses?  Is  the  social  life  of  the  small 
villu^e  as  vital  and  u-hole»onic  as  that  of  the  xcpurutod  farm-boine? 

These  are  only  tlie  merest  suggeetioos  ol  a  very  few  apparent 
present  problems.  They  are  not  to  be  solved  by  any  a  priori  reason- 
ing, nor  by  usinj;  the  stock  sl&tisticR  and  opinions  of  economists  and 
sociologists.  The  field  must  be  newly  studied.  Kow  data  must  be 
collected.  New  mcuUH  of  attack  must  be  developed.  With  much 
painstaking,  actual  facts  in  detail  must  be  secured.  What  is  the  actual 
social  and  economic  status  of  every  farmer  in  a  township?  a  county? 
a  Ktato?  VSlio  koon-s?  History-  must  be  studied  from  u  new  point  of 
view.  The  very  foundation  of  historical  development  is  public 
opinion  of  the  common  people;  and  until  within  the  past  century  the 
common  man  was  the  farmer.  Agriculture  is  the  basis  of  Imtory. 
The  best  data  of  the  actual  conditions  of  the  people  antecedent  to  the 
French  Kevohiliou  are  said  to  be  found  in  .Arthur  Yoimg'K  minut« 
description  of  the  agriculture  of  Fraace.  The  hiatorian  of  agricul- 
ture is  yet  to  be  bora. 

As  an  example  of  the  inadequacy  of  our  information  on  impnriaot 
economic  problems,  let  me  cite  the  most  pressing  problem  just  now 
confronting  the  American  farmer  —  thequestioD  of  farm-labor.  Paria- 
laborifl  scarce;  itisdear;  it  ib  inefTificnt;  it  is  unreliable.  Yetwei«ad 
of  the  armies  of  the  unemployed  asking  for  bread.  Why?  Who  can 
answer?  Who  has  tlie  data?  There  seems  tu  be  not  one  authority 
to  whom  we  can  turn.  It  'a  apparent  that  the^e  eerious  praestng 
problems  —  scarcity,  cxpcnslvcnefis,  inefficiency  of  fann-labor  —  we 
only  symptoms  of  some  deep-seated  maladjustment- 

A  large  proportion  of  iho  labor  on  farms  is  done  by  the  farmor  him- 
self or  his  growin;:  family.  The  inability  to  And  steady  employment 
Cor  laborers  ia  a  very  diHicult  problem.  Ordinarily,  men  desire  to 
work  all  the  time  and  to  use  their  energy  to  the  best  advantage. 
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A  farmer'^  fAinily  arrivce  at  the  productive  age  whcti  the  parent  is 
between  forty-five  and  sixty.  The  farm  doea  not  offer  opportunity 
for  ihv  sons  hcc-miac  the  fnthcr  still  desires  tu  maintain  lii»  itc'tivity. 
The  farmer  doee  not  take  the  boy  into  hia  business  to  the  same  extent 
that  other  bufiinesa-men  do.  The  result  is  that  the  ^ona  must  find 
employment  elsewhere,  and  in  tlve  nature  of  Uie  ease  they  most  con- 
veniently find  employment  on  salary.  By  the  time  the  father  is 
sixty-five  to  seventy  years  of  age  and  feols  the  necessity  of  giving  up 
the  farm,  the  sons  are  engaged  in  ot^her  lines  of  effort  which  it  in  not 
practicable  for  them  to  leave.  The  result  is  that  the  farm  dcoMnes 
with  the  tJirlininK  years  of  the  father  and  on  his  death  ia  wold  or 
becomes  a  rented  farm.  Occasionally  a  parent  solves  the  dilliciilty; 
and  herein  a  distinct  public  responsibility  rests  on  the  individual 
farmer. 

Is  the  farm-labor  difHcutty  a  too  low  wage-rate?  Is  farm-labor 
inefficient  merely  because  it  is  cheap?  If  so,  how  must  the  farm  be 
made  to  be  able  to  pay  a  rate  in  competition  with  other  lal>or?  Haa 
the  tariff  contributcj  to  the  inequality?  Is  social  poverty  of  the 
eotintry  dintrirtR  a  eaune?  Is  the  lack  of  continuity  or  unnteadiness 
of  farm-tabor  responsible?  Has  the  decrease  in  the  size  of  the  farmer's 
family  been  rospontible  for  part  of  the  trouble?  And  if  KO|Why  has  his 
family  decreased?  Must  the  farmer  of  the  future  raise  his  own  labor? 
Must  machinery  still  further  rome  to  his  aid?  If  so,  what  effect  will 
this  have  on  8ysr.enii<  of  agriculture?  Will  the  urbanization  of  the 
eountr>-  tend  to  establish  a  regularity  of  farm-labor?  Will  cheap 
railwai^Hte-s  from  cities  for  laborer?  aid  in  maintaining  the  supply  of 
labor  for  thiise  living  on  the  land,  making  it  jKuwible  for  the  laborers 
to  find  work  during  winter  in  some  n^hboring  community  (it  is 
said  to  have  hel|»ed  in  some  parts  of  Europe)?  Can  we  develop 
a  competent  (*h  a  re- working  systeni,  in  which  the  owner  of  the  land 
still  retains  directive  control?  And  if  so.  will  social  stratifi cation 
result?  Mimt  there  come  a  profjt^harinn  s>i!tem?  Or  must  the 
greater  number  of  farmers  chemselvee  become  employees  of  men  of 
great  executive  ability  who  will  amalgamalo  and  syndicate  agricul- 
tural industries  as  they  have  consolidated  other  industries?  Is  the 
agriculture  of  the  future  to  be  a  business  of  fewer  and  larger 
economic  unita?  If  so,  how  will  thi.^  affe«t  the  centres  of  popula- 
tion and  the  social  fabric?  Will  the  lack  of  farm-labor  force  us 
more  and  more  into  ••nature  farming"  —  the  hay  and  pasturage 
ayatema?    What,  in  short,  ifl  the  farm-iabor  problem? 

The  country  as  well  as  the  city  must  be  made  attractive  and  habit- 
able. It  must  express  and  )<ati.-<fy  the  highest  human  ideals,  else  it 
will  not  attract  the  best  men  and  women.  In  area  and  population,  the 
country  is  the  larger  part  nf  the  national  domain:  the  improving  of 
the  ideala  of  the  pvrsuua  thai  live  therein  is  one  of  our  greatest  public 
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questions.  The  Urmor  ia  the  conservative,  not  the  d^'namic  element 
of  society.  We  live  in  a  dyoamic  social  age. 

The  fanner  always  will  be  relatively  coiisen'ati>'e.  lUa  baeiness  is 
rooted  in  tho  earth.  In  a  tlioruiigiily  wull-dcvvlopcd  agrietlltura,  tliO 
farmer  does  not  move  Ids  biuuuefiH  rapidly  fn>m  place  to  place.  He 
remains  while  othere  move  on.  Therefore  is  it  especially  necegaary 
that  wc  extend  to  Jiim  all  tlic  ««scntinl  i»ncfit»  of  our  civil iuiition,  (I 
hope  be  will  not  care  for  the  iin«68eotial  benefits.)  He  has  tlie  rural 
free  delivery  of  mails  —  ulthtnigh  this  wtis  thought  to  be  impossible  a 
few  years  ago.  Hhidl  he  not  have  a  parcels  pait?  Each  year  the  good 
roads  luovcment,  originating  in  the  cities,  is  ext«iiding  itself  farther 
into  the  n-ttl  country.  Trolk-y-Uacs  arc  extending  countrj'wiird;  eoou 
they  will  come  acmally  to  ser^'e  the  farmer's  needs.  Tlie  t«lephone, 
as  a  separate  nirHl  enterpri.se,  is  extending  itself.  KxtensionnI  edu- 
cational enterprises  are  reaching  farther  and  further  into  the  open 
farming  districts.  Cooperation  and  organization  movements  are  at 
the  !«ame  time  extendinK  and  conrrcting  themselves. 

Furming  stands  for  individualism  as  distinguished  fn>m  co1Iectiv> 
istn.  Farming  pntcrpriees  nill  bo  more  and  more  consoliduli^  and 
capitalized,  hut  Uiey  cau  never  be  syndicated  and  monopolizeil  to  the 
same  extent  as  many  other  enterprises.  How  best  to  preaer\e  and 
direct  this  democratic  indiviilinL!i.-«m  of  the  open  countr)"  is  one  of  the 
greatest  (itiestions  now  coafronttng  us. 

The  an  impulfie  will  Boon  take  hold  of  the  country,  as  it  has  already 
laid  hold  on  the  city.  VVeImvelive<I  all  these  cent  iiritw  on  tliea.'<8«mj>- 
tion  tlmt  work  of  art  is  associated  with  buildinEs  and  "collations." 
-As  nature  is  the  aourco  of  all  our  art,  so  the  time  is  cominj;  when  we 
shall  allow  nature  herself  to  expreds  her  ftill  beauty  and  |>ower.  We 
shall  go  to  nature  oftener  than  to  art  galleries.  We  shall  first  remove 
objectionable  features  from  the  landacape  —  features  for  which  niau 
is  responsible  —  such  as  all  untidiuesa  and  hiemiahee,  all  advertieing 
signs,  all  unhnrmonious  buildings.  Then  wo  shall  begin  to  work  out 
our  cnlurging  aspirations  with  the  natural  material  before  us  —  make 
pictures  with  sward  and  trees  and  streams  and  hilla,  write  our  ideals 
in  theRweepof  the  landscape  and  the  color  of  the  flowers.  Our  "art" 
societies  still  confine  themselves  to  imitation  art.  The  great  art 
societies  will  be  tlK»so  that  give  first  attention  to  nature  as  it  is. 
and  to  human  ideals  expressed  in  nature,  not  only  as  it  is  repr&> 
sented  to  be  in  plastic  materials  and  in  paints. 

Of  all  the  forces  that  shall  revitalize  and  rccryHallixc  the  country, 
the  school  is  the  chief.  The  schools  make  the  opinions  of  the  nation. 
The  city  school  has  been  developed,  but  the  eountrj-  school  has  been 
relatively  stationary;  yet  every  farm  family  is  interested  in  the  school. 
Tlie  farmer  believes  in  schooling,  just  as  completely  as  the  eity  man 
does;  but  he  may  not  be  convinced  that  the  schools  are  really  touch- 
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ing  the  ppoblems  of  life.  Perstons  cmke  more  sacrifices  for  their 
children  than  for  any  other  cause.  Probablj'  more  persons  leave  the 
farm  tu  educute  tlioir  children  thiiu  for  M\y  other  cause. 

An  ideal  condition  would  be  t^e  total  abolition  of  rural  bcIiooIh  us 
sucli.  llie  custom  of  netting  spart  towns  and  \i]l»gC3  into  special 
xehool-distncls  in  order  scparntely  to  tax  tlie  town  or  villiige  for 
Kchool  purposes  has  been  a  misfortune  to  the  rural  schools.  The 
whole  srhool-eystem  of  any  HtiUe  should  be  organiucd  on  a  broad 
cmiufch  baiis  so  that  everj-  boy  and  girl,  whatever  the  occupation  of 
the  parents,  slmll  have  the  opportunity  of  securing  the  same,  or  at 
leiisl  equally  cflicicnt,ctIucation.  The  country  mill  haa  gone.  The  old- 
time  eounti^'  8ohoot  is  a  passing  institution.  A  one-toachcr  school 
may  be  as  inofhcient  ns  a  one-man  mill.  Schools  will  bo  consolidated 
into  liirKer  or  at  least  into  atroiificr  unils.  The  firat  pedaKORJcal 
result  will  be  the  differentialiein  of  the  work  of  teachere  —  perhaps 
one  of  these  teachers  can  give  .ipeclal  attention  to  nature-etudy  and 
country-life  subjects. 

The  school  niuBt  connect  with  real  life.  It  will  be  one  of  the  strong 
ronstnietive  and  dynamic  influences  in  our  social  organization.  At 
present  its  influence  is  receptive  anfi  passive,  rather  than  creative. 
The  pjirlicular  subjects  that  sball  be  taught  are  of  less  imixjrtance 
than  the  point  of  view.  Many  questions  of  detail  are  to  be  discussed, 
often  with  much  travail;  but  the  final  solution  must  be  to  allow  every 
subject  in  which  men  engage  to  find  its  proper  podngogtc  place  in  a 
wider  and  freer  educational  system  than  the  world  has  yet  seen,  and 
(o  place  agricultural  subjects  with  the  others  and  not  exclusively  in 
irstimtions  by   themselves. 

Whatever  our  doubts  and  misgivings,  the  American  farmer  ia 
hound  to  be  educateil.  He  will  demand  it.  Having  education  and 
being  endowed  with  a  free  chance,  he  will  not  be  a  jiea^ant.  Snme 
persons  have  made  the  serious  mistake  of  confounding  peasantry 
with  comparative  poverty.  Penaauthnotl  is  &  social  stratum.  It  la 
a  fiurviving  product  of  aocJal  conditions. 

U  the  open  country  is  to  be  made  attractive  to  the  best  minds,  it 
must  have  an  attractive  literature.  There  must  be  a  technical  litera- 
ture of  the  f.'irm,  ami  also  a  general  artistic  literature  portraying  the 
life  and  the  idenis  of  the  persona  in  the  country.  The  farm  literature 
of  a  generation  ago  was  largely  wooden  and  spiritless,  or  else  untrue 
to  actual  rural  conditious.  The  new  litcrnturc  is  vivid  and  alive.  The 
new.  however,  is  yet  mostly  special  and  technical,  with  the  exception 
nf  the  growing  nHlnre-Iiterattire.  Artistic  literature  of  the  farm  and 
rural  affaire  i"*  yet  scarcely  known.  WHiere  is  the  high-cliwe  fiction  that 
portrays  the  farmer  as  he  is.  without  caricaturing  him?  Where  is  the 
collection  of  really  good  farm  poems?  Who  ha."  developed  the  stitry 
interest  in  the  farm?     Wbo  haa  adequately  pictured  rural  iostitu- 
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tions?  Who  has  carefully  studied  the  history  of  the  special  farm 
literature  that  we  already  have?  Who  has  written  the  biological 
evolution  progress  that  attaches  to  every  domestic  animal  and  every 
cultivated  plant?  We  need  short  and  sharp  pictures  of  the  man  at  his 
work  and  the  woman  in  her  home  —  such  quick  and  vivid  pictures  in 
words  as  an  artist  would  stroke  on  hia  canvas.  There  is  nobility, 
genuineness,  and  majesty  in  a  man  at  useful  work  —  much  more  than 
there  is  in  a  prince,  or  a  general,  or  a  society  leader,  whose  rdle  it  is  to 
pose  for  the  multitude.  The  man  holding  the  plow,  digging  a  ditch, 
picking  fruit,  the  woman  sweeping  or  making  bread  —  what  stronger 
pictures  of  human  interest  can  there  be  than  these?  If  I  could  have 
the  choice  of  the  mite  that  I  should  contribute  to  the  developing  and 
the  nationalizing  of  agricultural  sentiment,  I  should  choose  its 
literature. 
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